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PREFACE. 


The  late  Professor  Leech  had  always  intended  to  republish  his 
Croonian  Lectures  in  book  form,  with  considerable  additions  and  a 
larger  number  of  illustrations.  The  pressure  of  an  exceedingly 
busy  life  prevented  him  from  carrying  out  this  intention  at  the 
time  and  it  was  postponed  until — as  he  hoped — lessened  hospital 
claims  would  afford  him  more  leisure  for  literary  work. 

His  early  death  in  July,  1900,  frustrated  not  only  this  purpose 
but  also  more  important  literary  projects  which  he  had  in  mind  and 
for  which  he  had  collected  much  material. 

To  many  of  his  friends  it  has  seemed  desirable  to  carry  out  his 
intention,  as  far  as  possible,  by  collecting  into  one  volume  his 
various  papers  upon  the  Nitrites  and  allied  compounds  together 
with  the  relative  portions  of  the  extensive  Bibliography  of  Materia 
Medica  which  he  had  compiled. 

No  alterations  have  been  made  in  the  text  of  the  earlier  papers. 
The  Croonian  Lectures  have,  however,  been  revised,  divided  into 
chapters  for  greater  convenience,  and  many  additional  figures  have 
been  added. 

The  lecture  on  the  relation  of  Pharmacology  to  Therapeutics 
has  been  prefixed  because  it  affords  a  valuable  indication  of  the 
lines  upon  which  Professor  Leech  taught  and  upon  which  he  con- 


ducted  his  own  researches,  and  also  forms  a  suitable  introduction 
to  the  other  papers. 

Though  the  date  of  the  Croonian  Lectures  was  1893  the 
present  volume  represents  the  views  held  by  Professor  Leech  in 
1900  when  he  contributed  the  article  upon  the  Nitrite  group  to  the 
Text-Book  of  Pharmacology  and  Therapeutics^  edited  bj  Dr.  Hale 
White,  and  published  in  1901.  Before  writing  that  article  he 
revised  a  copy  of  the  Croonian  Lectures  and  use  has  been  made 
of  the  revised  copy  in  preparing  this  volume. 

Mr.  Ernest  Leech,  B.A.,  M.B.  (Cantab),  has  given  much  valuable 
help  in  verifying  the  references  and  correcting  the  proofs  and  has 
prepared  the  index. 

ROBERT   BRTGGS   WILD. 


Manchester, 

April,  1902, 
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THERAPEUTICS. 


THE  RELATION   OF  PHARMACOLOGY  TO 

THERAPEUTICS. 

1884. 

As  an  introduction  to  the  course  of  lectures  on  pharma- 
cology and  therapeutics  this  session,^  I  propose  to  set  forth 
the  relation  between  these  two  subjects  and  to  discuss  the 
basis  of  our  present  system  of  therapeutics,  which  is  in- 
timately connected  with  this  relation. 

Let  me  point  out  that  the  word  pharmacology  is  used 
here  in  its  narrower  sense.  Formerly  it  included  every 
department  relating  to  medicines — pharmacognosy,  phar- 
macy, and  pharmacodynamics  or  the  effects  and  uses  of 
drugs.  But  it  has  been  found  convenient  to  restrict  its 
meaning,  and  pharmacology  is  now  understood  to  mean 
that  department  which  relates  to  the  action  of  drugs  on  the 
body  and  its  organs. 

It  is  the  bearing  then  of  our  knowledge  of  the  physio- 
logical action  of  drugs  on  therapeutics — that  is  on  their 
application  in  the  cure  of  disease — that  I  propose  to  discuss 
to-day,  and  this  involves  in  the  first  place  an  inquiry  into 
the  grounds  of  our  therapeutic  procedures. 

Now  we  may  best  approach  this  part  of  the  subject  by 
considering  the  lines  on  which  we  proceed  in  the  selection 
of  a  remedy  when  a  case  of  disease  presents  itself  for 
medicinal  treatment.  It  will  be  found,  I  believe,  that  we 
always  do  one  or  other  or  both  of  two  things — we  call  to 
mind  our  own  experience  and  the  experience  related  by 
others  as  to  the  drug  found  useful  under  similar  circum- 
stances;   or  we  choose  a  drug  by  the  aid  of  a  train  of 

reasoning  involving  one  or  more  theories  or  hypotheses  as 

^  May,  1884. 
B 


to  tlie  relation  whicli  exists  between  the  known  or  supposed 
properties  of  the  drug  and  the  known  or  supposed  con- 
ditions in  the  case  before  us;  or,  and  this  perhaps  is  our 
commonest  proceeding,  we  combine  the  two  methods  and 
select  a  remedy  partly  from  such  reasoning  and  partly  from 
experience.  The  changes  which  have  taken  place  in  thera- 
peutic practice  from  the  remotest  ages  to  the  present  time 
have  been  partly  due  to  changes  in  our  power  of  estimating 
experience  and  evolving  hypotheses,  but  they  have  been 
likewise  connected  with  the  relative  value  attached  to 
experience  and  hypothesis  at  different  periods. 

In  the  earliest  ages  to  which  our  knowledge  of  thera- 
peutic procedures  extends,  the  experience  on  which  reliance 
was  placed  was  of  the  simplest  kind.  "  The  Chaldeans  and 
Babylonians,  we  are  told  by  Herodotus,  carried  their  sick 
to  the  public  roads  and  markets  that  travellers  might  con- 
verse with  them  and  communicate  such  remedies  as  had 
been  successfully  employed  in  similar  cases.  This  custom 
continued  for  many  ages  in  Assyria,  and  Strabo  says  it 
prevailed  amongst  the  ancient  Lusitanians  or  Portuguese."  ^ 
Exactly  the  same  kind  of  experience  was  utilised  which 
is  now  relied  on  by  those  ignorant  of  medicine — Mr.  A 
has  a  cough,  and  is  recommended  by  his  friend  to  take  a 
medicine  which  has  cured  Mr.  B,  without  any  consideration 
being  given  to  the  cause  of  the  cough,  the  identity  or  even 
close  analogy  of  the  symptoms,  or  the  nature  of  the  remedy. 
The  nail  is  sometimes  hit  on  the  head — the  remedy  sug- 
gested by  this  crude  kind  of  experience  is  successful.  In 
the  hands  of  those  very  capable  of  appreciating  indications 
of  real  likeness  between  cases  of  disease,  striking  results 
have  been  frequently  obtained,  and  hence  we  have  had  sects, 
as  indeed  we  now  have  individuals,  calling  themselves 
empirics  and  boasting  of  their  reliance  on  experience,  to 
the  exclusion  of  all  theory.  The  origin  of  the  term 
empiricism  indicates  the  weak  point  of  the  boast.      It  is 

^  Paris,  **  Pharmacologia."  9th  ed.,  p.  9. 


derived  from  Tra^a,  a  trial,  and  when  in  therapeutics  we 
act  according  to  experience,  we  in.  fact  only  make  trial  of 
a  remedy  which  we  think  we  have  seen  do  good  in  a  case 
where  iq^  thinh  the  conditions  have  been  similar  to  those  in 
the  case  before  ns.  Every  adaptation  in  the  use  of  a  drug 
founded  on  experience  is  in  fact  an  experiment  which  we 
make  on  the  ground  of  two  judgments — (1)  that  in  the 
former  case  or  cases  the  drug  actually  did  good ;  (2)  that  in 
the  present  case  the  essential  conditions  of  the  experiment 
are  the  same  as  in  the  former.  The  father  of  medicine  says 
in  his  first  aphorism,  i)  Sf  Trttpa  acpaXepri,  17  Se  Kpicng  ^aXtTri] — 
'^  Experience  is  delusive,  judgment  is  difficult;"  and  so  it 
has  ever  been  found.  Constantly  have  experiences  proved 
delusive  because  of  misjudgments  as  to  the  real  effects  of  a 
drug,  or  as  to  the  similarity  of  the  instances  of  disease.  An 
anecdote  recorded  by  Paris^  in  his  history  of  Sir  Humphrey 
Davy,  and  also  mentioned  in  the  ^'  Pharmacologia," 
illustrates  well  one  cause  of  the  difficulty  in  deciding  as 
to  the  true  effects  of  the  drug.  It  is  interesting  not  only 
in  connection  with  my  subject,  but  because  it  seems  to 
show  that  this  great  English  observer  was  one  of  the  first 
to  appreciate  the  value  of  the  thermometer  in  exact  observa- 
tions on  the  human  body. 

'^  As  soon,"  says  Paris,  '^  as  the  powers  of  nitrous  oxide 
were  discovered,  Dr.  Beddoes  at  once  concluded  it  must 
necessarily  be  a  specific  for  paralysis ;  a  patient  was  selected 
for  trial,  and  the  management  of  it  was  entrusted  to  Davy. 
Previous  to  the  administration  of  the  gas,  he  inserted  a 
small  pocket  thermometer  under  the  tongue  of  the  patient, 
as  he  was  accustomed  to  do  upon  such  occasions  to  ascertain 
the  degree  of  animal  temperature,  with  a  view  to  future 
comparison.  The  paralytic  man,  wholly  ignorant  of  the 
nature  of  the  process  to  which  he  was  to  submit,  but  deeply 
impressed  from  the  representations  of  Dr.  Beddoes,  with 
the  certainty  of  success,  no  sooner  felt  the  thermometer 
^  '*  Life  of  Sir  Humphrey  Davy."  by  J.  A.  Paris,  M.D.,  F.R.S.,  1831,  p.  50. 


under  liis  tongue  than  lie  concluded  the  talisman  was  in 
full  operation,  and  in  a  burst  of  enthusiasm  declared  he 
already  experienced  the  effect  of  its  benign  influence 
throughout  his  body.  The  opportunity  was  too  tempting 
to  be  lost.  Davy  cast  an  intelligent  glance  at  Mr.  Colridge,'^ 
who  communicated  the  anecdote  to  Paris,  "  and  desired  his 
patient  to  renew  his  visit  on  the  following  day,  when  the 
same  ceremony  was  performed  and  repeated  every  succeed- 
ing day  for  a  fortnight,  the  patient  gradually  improving 
during  that  period,  when  he  was  discharged  as  cured,  no 
other  application  having  been  used." 

It  was  fortunate  that  the  patient  recovered  under  the 
use  of  the  thermometer  before  the  nitrous  oxide  ffas  could 
get  the  credit  of  the  cure. 

Here  want  of  diagnostic  power  nearly  led  to  an  erroneous 
judgment.  The  cause  of  the  man's  paralysis  was  doubtless 
volitional  defect,  not  structural  lesion.  The  case  was  one 
of  a  class  now  well  known,  in  which  an  efficient  stimulus  to 
volition  is  alone  required  for  recovery,  and  in  which  a 
mental  influence  may  supply  the  needed  stimulus.  Had 
Dr.  Beddoes  recognised  this  he  would  not  have  attempted 
to  estimate  the  value  of  the  gas  in  paralysis  by  giving  it  to 
this  man.  Diagnosis  has  improved  since  the  time  of  Dr. 
Beddoes,  yet  still  we  at  times  erroneously  think  we  cure 
because  we  fail  to  recognise  the  real  nature  of  the  disease 
we  treat. 

But  a  power  of  diagnosing  correctly  will  not  save  ua 
from  misjudgments  as  to  the  real  effect  of  drugs  if  we  do 
not  also  know  the  natural  history  of  disease,  its  tendencies 
to  change  in  features  and  to  recovery,  apart  from  drug 
influence.  The  absence  of  this  knowledge  has  rendered 
reliance  on  experience  wofuUy  deceptive,  as  the  history  of 
the  treatment  of  pneumonia  well  shows.  It  is  an  oft-told 
tale,  but  its  lessons  cannot  be  too  firmly  impressed  on  those 
who  practise  medicine. 

At  the  beginning  of  this  century  the  treatment  of  pneu- 


monia  by  bleeding  and  large  doses  of  tartar  emetic  was 
everywhere  general,  almost  universal  indeed,  in  England. 
Medical  men  knew  that  a  majority  of  cases  of  pneumonia 
coming  under  their  care  recovered  when  bled  or  dosed  with 
antimony.  They  saw  from  time  to  time,  too,  among  the 
poorer  classes  whose  poverty  prevented  medical  aid  being 
called  in  early,  advanced  cases  of  pneumonia  hitherto  un- 
treated apparently  moribund,  and  in  such  cases  treatment 
never  seemed  to  avail  much :  almost  all  died.  They 
believed,  therefore,  that  patients  recovered  owing  to  the 
bleeding,  and  that  the  majority  not  subjected  to  this  treat- 
ment died  for  want  of  it.  And  so  when  called  in  to  a  case 
of  pneumonia  they  did  not  venture  to  try  the  experiment 
of  omitting  the  employment  of  a  means  which  they  con- 
sidered almost  essential  to  the  recovery  of  a  patient  seriously 
affected.  There  were  some,  it  is  true,  who  raised  their 
voices  against  indiscriminate  active  treatment,  who  pointed 
out  instances  of  recovery  without  it,  and  suggested  the 
possibility  that  bleeding  and  recovery  were  sequences,  not 
cause  and  effect.  The  voices  of  these  men,  liowever,  were 
comparatively  feeble,  and  their  views  gained  ground  but 
slowly.  But  then  came  Hahnemann's  hypothesis,  and  as 
a  consequence  the  administration  of  infinitesimal  doses. 
Medical  men,  hearing  of  case  after  case  of  pneumonia  which 
had  recovered  under  infinitesimals,  became  emboldened  to 
dispense  with  remedies  hitherto  thought  essential,  and 
hospital  records  were  in  time  published  which  showed  that 
a  large  percentage  of  cases  of  pneiimonia  recovered  without 
their  use.  Fleischmann,  at  Vienna,  declared  that  under 
infinitesimals  the  mortality  from  this  disease  only  amounted 
to  5  per  cent,  of  the  cases  treated.  Dietl,  at  the  Charity 
Hospital  in  the  same  town,  found  that  whilst  20  per  cent, 
died  under  treatment  by  bleeding  or  large  doses  of  anti- 
mony, only  7  per  cent,  died  when  he  trusted  to  diet  alone 
and  gave  no  medicine.  And  Hughes  Bennett,  at  Edin- 
burgh, who  adopted  a  restorative  treatment  and  abstained 
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from  bleeding,  antimony,  and  the  like,  but  gave  salines  and 
occasionally  sweet  spirit  of  nitre  or  small  doses  of  colchicum 
wine,  lost  only  3*1  per  cent,  during  a  period  of  sixteen 
years  over  which  his  experience  of  this  kind  of  treatment 
extended.  I  do  not  bring  forward  these  figures  as  a  proof 
that  the  mortality  of  pneumonia,  apart  from  active  medica- 
tion, is  as  low  as  they  would  indicate.  There  are  some 
sources  of  fallacy  connected  with  these  statistics  which, 
however,  I  need  not  stop  here  to  point  out.  But  the  observa- 
tions on  which  the  statistics  were  founded,  and  others  to 
which  they  have  led,  have  taught  us  that  when  inflammation 
of  the  lung  has  run  a  course  of  from  two  to  ten  days,  it 
subsides  in  a  large  majority  of  cases,  recovery  occurring 
without  the  aid  of  drugs ;  and  that  the  views  held  in  former 
days  as  to  the  necessary  dependence  of  recovery  on  early 
bleeding,  though  founded  on  the  experience  of  able  men, 
were  fallacious.  Want  of  knowledge  of  the  natural  history 
of  disease  led  to  an  error  in  judgment. 

During  the  last  half  century  much  information  has  been 
obtained  as  to  the  changes  which  occur  in  ailments  not 
subjected  to  medicinal  treatment;  but  our  knowledge  of 
the  natural  history  of  disease  must  be  much  more  extended 
and  minute  than  it  is,  before  reliance  on  experience  ceases 
to  be  delusive.  There  can  be  no  doubt  that  we  yet  constantly 
attribute  to  medicines  results  which  have  no  more  connec- 
tion with  them  than  the  recovery  of  the  subject  of  Davy's 
experiment  had  with  the  thermometer ;  nay  even  less,  for 
the  thermometer  was  the  mechanical  agent  of  a  mentai 
influence,  whilst  a  drug  may  not  even  play  that  role  in  the 
sequence  of  events  which  follows  its  administration. 

It  is  to  the  acquirement  of  a  knowledge  of  the  natural 
history  of  disease  that  we  must  mainly  look  for  making 
experience  reliable,  but  this  knowledge  is  more  difficult  to 
acquire  than  might  at  first  sight  appear.  Only  by  minute 
observation  of  a  large  number  of  cases,  which  run  their 
course  in  whole  or  in  part  without  drug  treatment,  can  we 


obtain  it.  But  to  withhold  a  drug  which  we  believe  would 
be  useful  in  any  single  instance  is  as  much  an  experiment 
as  to  give  a  drug  the  effects  of  which  are  unknown,  instead 
of  one  which  we  think  will  cure,  and  we  have  no  right,  we 
feel,  to  jeopardise  the  life  or  comfort  of  our  patients. 

Here  is  a  difficulty.  Our  duty  towards  our  patients 
forbids  experiment,  for  want  of  which  experience  often 
proves  fallacious.  It  seems  to  me  that  in  this  dilemma  two 
duties  devolve  upon  us  as  medical  men.  First,  we  ought 
to  put  on  record  all  minutely-watched  cases  which  illustrate 
the  course  and  phases  of  disease  when  uninfluenced  by 
medicine.  Such  cases  happen  to  all  of  us  from  time  to 
time,  and  it  cannot  be  too  strongly  urged  that  good  reports 
of  the  natural  history  of  disease  are  quite  as  valuable,  nay, 
often  more  so,  than  the  records  of  successful  treatment  by 
drugs.  Superficial  accounts  or  mere  statistics  of  recoveries 
without  the  aid  of  medicine  are  not  of  much  use.  Thev 
add  but  little  to  the  information  we  already  possess.  We 
want  intelligent  observations  of  all  the  facts  relating  to 
the  phases  through  which  disease  passes  when  not  influenced 
by  medicines. 

Secondly,  we  ought  to  enlighten  the  public  more  fully 
than  we  do  as  to  the  part  which  drugs  really  play  in  the 
treatment  of  disease.  At  the  present  time  our  course  of 
action  is  influenced  not  only  by  our  desire  to  do  all  we  can 
for  the  cure  or  relief  of  our  patient,  but  also  sometimes  by 
the  fear  that  if  we  abstain  from  giving  drugs  our  patients 
may  lose  that  confidence  which  plays  at  times  no  unimpor- 
tant part  in  recovery.  And  we  are  too  apt  to  plead  guilty 
to  the  soft  impeachment  of  curing  our  patient  with  drugs 
which  we  are  by  no  means  sure  had  anything  to  do  with 
return  to  health.  If  the  public  were  better  instructed  in 
the  exact  position  which  drugs  play  in  therapeutics,  the 
action  of  medical  men  would  be  more  unfettered,  and  we 
might  soon  obtain  information  we  now  lack.  It  seems  to 
me,  too,  that  another  gain  would  follow — the  public  would 
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be  less  easily  deluded  by  the  impudent  claims  of  the  quacks 
who  so  abound.  As  long  as  every  success  which  follows 
the  administration  of  a  drug  is  claimed  as  due  to  the  drug, 
so  long  will  the  public  believe  that  the  recoveries,  which 
must  from  the  very  nature  of  things  often  ensue  on  the 
administration  of  quack  nostrums,  are  a  consequence  of 
this  administration. 

Even  when  we  are  correct  in  the  opinion  that  a  drug 
has  done  good  in  a  case,  or  series  of  cases,  we  cannot  rely 
on  its  being  of  service  in  a  new  instance  unless  we  know 
that  the  conditions  are  essentially  the  same  as,  or  similar  to, 
those  in  the  other  case  or  cases.  Exactly  the  same  thing 
can  never  be,  for  two  cases  never  do  present  a  collocation 
of  symptoms  in  exact  agreement,  and  similarity  will  not 
suffice  if  it  refers  to  superficial  resemblance  only.  The 
similaritj'^  must  extend  to  all  essential  conditions,  and  in 
these  essential  conditions  the  pathological  basis  of  the 
disease  plays  a  very  important  part. 

Manifestly  we  must  not  rely  on  the  names  by  which 
groups  of  symptoms  are  known  as  guides  to  treatment  on 
the  ground  of  experience,  for  the  same  name  may  indicate 
ailments  varying  greatlj^  in  pathological  conditions.  And 
even  when  the  name  does  connote  the  lesion,  the  similarity 
may  not  be  sufficient  to  indicate  that  all  instances  of  disease 
owning  the  same  name  will  be  similarly  affected  by  the 
same  treatment. 

The  remedy  which  saves  life  in  one  case  of  pneumonia 
may  perhaps  sacrifice  it  in  another.  The  clinical  history 
as  well  as  the  morbid  tissue-change  in  two  cases  must  be 
similar  before  experience  in  the  one  case  can  guide  us  aright 
in  the  treatment  of  the  other. 

The  more  intimate  our  knowledge  of  pathological 
changes,  the  more  minute  our  clinical  observation,  the 
tiuer  will  be  our  judgments  as  to  real  likeness,  and  the 
miore  successful  our  reliance  on  experience  as  a  guide  to 
the  selection  of  a  drug  in  cases  of  disease.     Let  me  here 


then  enter  my  protest  against  the  cavils  of  those  who  hold 
that  too  much  attention  is  being  given  to  pathology  and 
diagnosis,  too  little  to  therapeutics.  Experience,  which  I 
maintain  is  after  all  the  firmest  basis  for  treatment  by 
drugs,  is  essentially  dependent  on  pathologj^  and  clinical 
knowledge. 

But  experience  can  only  avail  when  we  meet  with  cases 
truly  similar  to  those  which  have  been  treated  by  ourselves 
or  others.  As  soon  as  ailments  come  before  us  of  which  we 
have  not  met  the  like  before,  we  are  guided  in  drug  treat- 
ment by  a  train  of  reasoning,  never  devoid  of  one  assump- 
tion, often  involving  several. 

Those  who  maintain  that  they  act  only  empirically  make 
an  idle  boast;  they  use  hypotheses,  but  as  M.  Jourdain 
talked  prose — without  knowing  it ;  for  the  phases  of  disease 
are  so  various  that  everyone  must  frequently  be  meeting 
with  cases  differing  in  some  respects  from  any  he  has  seen 
or  known  before,  and  some  hypothesis  with  regard  to 
curative  action  precedes  every  new  application  of  a  drug 
and  the  use  of  every  new  drug  for  the  cure  of  disease.  Our 
so-called  empirical  remedies  have  for  the  most  part  been 
first  employed  on  hypotheses  now  discarded.  The  value  of 
a  few  may  have  been  discovered  by  accident.  But  no  man 
gives  a  drug  on  pure  chance,  though  he  sometimes  thinks 
he  does.  Equally  mistaken,  it  seems  to  me,  are  those  who 
believe  that  in  the  absence  of  experience  they  proceed 
according  to  therapeutic  laws,  that  is,  if  by  the  term  '^  laws  '' 
are  meant  general  laws  or  laws  of  nature,  which  are  univer- 
sally true  whenever  they  are  applicable,  such  as  the  laws  of 
gravity  in  physics,  and  of  combining  proportions  in 
chemistry. 

We  have  at  present,  I  contend,  in  therapeutics  no  general 
laws,  but  only  approximate  generalisations,  or  empirical 
laws  which  cannot  be  certainly  relied  on  beyond  the 
conditions  in  which  they  have  been  confirmed  by  actual 
observation.      When  experience  fails  us  I  hold  we  always 
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use  these,  conjoined  with  hypotheses  more  or  less  probable, 
by  means  of  which  we  are  led  to  consider  some  plan  of 
treatment  most  likely  to  succeed ;  and  should  this  plan  of 
treatment  prove  really  successful,  we  have  an  addition  made 
to  the  sum  total  of  our  experience. 

Now  there  are  two  ways  in  which  hypothesis  may  be 
used.  We  may  imagine  a  general  therapeutic  law  or  laws, 
and  thence  make  deductions  as  to  the  use  of  a  drug  in  a 
particular  case,  or  having  established  by  observation  certain 
approximate  generalisations  or  empirical  laws,  we  may,  if 
experience  fails  us,  assume  that  the  instance  before  us 
comes  under  one  of  these  generalisations  or  laws,  and  on 
this  assumption  make  trial  of  a  plan  of  treatment  in  accord- 
ance therewith.  As  our  trials  in  either  case  are  founded 
on  a  deduction  of  which  a  hypothesis  forms  either  the  major 
or  minor  premiss,  our  results  can  never  be  absolutely  assured. 

Hence  the  uncertainty  of  much  of  our  medical  treat- 
ment, and  hence  it  is  that  experience,  delusive  though  it 
often  is,  is  rightly  looked  on  as  the  surest  basis  of  medical 
treatment.  Of  necessity,  indeed,  we  most  frequently  found 
our  therapeutic  procedures  on  deductions ;  but  we  ought  to 
look  upon  such  procedures  only  as  leading  to  experiments 
which  are  the  more  likely  to  succeed  as  the  hypothesis  in- 
volved in  the  deduction  is  the  nearer  to  truth. 

A  large  proportion  of  the  therapeutic  errors  of  past  ages^ 
and  some  of  those  of  the  present  time,  have  arisen  from  the 
acceptance  of  hypotheses  as  general  laws.  Because  it  could 
be  shown  that  many  of  the  deductions  from  these  hypotheses 
were  correct,  the  correctness  of  the  hypotheses  themselves 
was  considered  proved. 

Now  it  is  quite  evident  that  false  hypotheses  may  readily 
lead  to  deductions  in  accordance  with  actual  experience. 
Take,  for  example,  that  absurd  hypothetical  law  known  aa 
the  doctrine  of  signatures,  which  was  upheld  by  Paracelsus. 
According  to  this  doctrine,  the  external  characters  of  a 
plant  indicate  the  ailments  in  which  it  will  be  found  usef uL 
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Yellow  plants,  it  was  taught,  cured  yellow  diseases.  Plants 
with  a  head  like  the  poppy  cured  head  affection.  It  is 
evident  that,  absurd  as  such  a  doctrine  is,  it  might  lead  to 
new  therapeutic  knowledge.  It  may  have  led,  for  example, 
to  the  use  of  the  inspissated  juice  of  the  poppy  head  (opium) 
in  certain  head  affections,  in  which  it  is  really  of  service. 
It  probably  did  lead  to  the  juice  of  the  celandine  being 
tried  in  some  liver  affections  with  advantage.  By  suggest- 
ing experiment  even  this  hypothesis  perhaps  served  a  useful 
purpose  in  the  dark  ages  in  which  it  was  promulgated.  But 
though  these  effects  of  opium  and  celandine  might  then 
have  been  deduced  from  the  doctrine  of  signatures,  this 
would  not  show  that  the  doctrine  was  a  law. 

The  acceptance  of  a  hypothesis  for  a  law  biases  the  judg- 
ment as  to  the  result  of  experiments  to  which  it  leads. 
Where  judgment  is  difficult  we  are  apt  to  think  we  see  that 
which  we  think  we  ought  to  see.  The  firm  belief  in  the 
efficacy  of  the  most  divers  systems  of  treatment  in  past 
times  seems  to  me  chiefly  due  to  the  biased  judgment  which 
has  followed  the  acceptance  of  theories  as  laws,  and  the  more 
firmly,  as  a  rule,  theories  have  been  held  as  laws,  the  less 
has  been  the  true  progress  of  therapeutics. 

Hippocrates,  who  added  greatly  to  the  knowledge  of 
medicine  and  general  therapeutics,  if  not  of  drugs,  held 
groundless  theories  of  disease.  He  thought  the  four  elements 
of  earth,  air,  fire,  and  water,  of  which,  according  to  him, 
the  body  consisted,  produced  the  four  humours — blood, 
phlegm,  bile,  and  black  bile.  But  he  does  not  seem  to  have 
let  these  theories  interfere  materially  with  his  observations 
of  the  course  of  nature  or  the  effects  of  treatment,  and  hence 
the  great  additions  which  he  made  to  real  knowledge.  He 
was  content  to  watch  and  record. 

The  treatment  of  disease  by  superstitious  rites,  by 
charms  and  amulets,  so  prevalent  in  early  times,  was  really 
based  on  hypotheses,  more  or  less  definite  as  to  the  cure  of 
disease,  originating  in  others  relating  to  its  causation. 
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Unable  to  understand  the  nature,  and  therefore  the 
cause,  of  disease,  the  impressionable  minds  of  older  days 
seized  on  the  agencies  which  most  attracted  their  attention, 
and  imagined  them  as  causes.  To  their  gods,  to  evil  spirits, 
to  the  stars,  the  outbreak  of  pestilences  and  ailments  of  all 
kinds  was  attributed.  Astral  influence  has  indeed  main- 
tained its  credit  till  a  comparatively  recent  date.  ''  One 
cause  of  breeding  of  the  pestilence,"  says  an  author  of  the 
time  of  Charles  the  Second,  speaking  of  the  plague,  "  is 
that  corruption  of  the  air  which  is  occasioned  by  the  aspects 
and  conjunctions  and  oppositions  of  the  planets,  and  by  the 
eclipses  of  the  sun  and  moon."  I  am  not  sure  whether  this 
belief  in  the  influence  of  the  stars  has  even  yet  quite  died 
out.  Hypotheses  of  causation  once  believed  in,  treatment 
on  the  same  lines  followed  as  a  matter  of  course.  In  very 
early  days  superstitious  rites  were  employed  to  arrest 
pestilence,  and,  afterwards,  measures  thought  likely  to  pro- 
pitiate evil  spirits  or  destroy  their  power. 

In  amulets,  charms,  and  precious  stones  were  supposed 
to  reside  good  spirits,  which  checked  the  action  of  the  bad, 
and  since  patients  who  wore  these  amulets  and  charms  often 
got  better  from  diseases,  the  value  of  the  charm  and  the 
truth  of  the  spirit  theory  were  considered  to  be  proved. 
Since,  too,  the  causes  of  diseases  had  an  obscure  and 
mysterious  origin  it  seemed  that  the  means  of  cure  must 
also  be  mysterious,  and  on  this  slender  hypothesis  was 
founded  treatment  consisting  of  mysterious  concoctions  into 
which  entered  roast  toad,  moss  out  of  the  charnel-house 
skull,  and  many  other  uncanny  and  nasty  things. 

Again,  if,  as  was  believed,  stars  influenced  disease,  what 
more  likely  than  that  they  should  also  influence  plants  used 
to  cure  disease.  On  this  hypothesis  we  have  the  astrological 
herbals  in  which  full  directions  are  given  as  to  the  starry 
or  lunar  influence  under  which  each  herb  must  be  gathered 
to  have  its  full  healing  influence.  It  became  usual  to 
precede  receipts  by  a  symbol  of  the  planet  under  whose 
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reign  tlie  ingredients  were  to  be  collected.  The  letter  R, 
which  commences  our  prescriptions,  is  the  relict  of  the 
astrological  symbol  of  Jupiter. 

If  hypotheses  such  as  these  could  lead,  as  they  doubtless 
did,  to  the  acquirement  of  some  true  facts  by  the  trials  they 
induced,  it  is  not  to  be  wondered  at  that  guesses  at  truth  of 
greater  probability  should  have  added  to  our  real  knowledge. 
And  so  they  did.  Yet  in  one  way  they  were  more  prejudicial 
to  true  progress ;  for  the  more  attractive  the  hypothesis,  the 
more  firmly  was  it  believed  in  as  law,  the  more  therefore 
did  it  bias  judgment. 

The  doctrine  of  Themison  and  the  Methodists  that  all 
diseases  were  due  to  constriction  or  relaxation  of  the  pores 
of  the  animal  tissues — and  therefore  that  all  medicines  were 
relaxants  or  astringents — the  doctrine  of  Galen  as  to  hot 
and  cold,  dry  and  moist  remedies,  and  several  others  of  the 
same  kind,  for  this  reason  rather  fettered  than  aided  the 
progress  of  therapeutics,  and  the  same  may  be  said  of  the 
mechanical  and  chemical  theories  which  have  reflected  the 
prevailing  turns  and  tides  of  thought.  As  time  has  gone 
on,  and  the  laws  of  the  human  frame  have  become  better 
known,  medical  hypotheses  have  for  the  most  part  become 
less  fanciful  and  more  in  accordance  with  the  observed 
course  of  nature,  but  the  fatal  error  of  regarding  them  as 
laws  of  practice,  not  as  theories  which  should  lead  to 
unbiased  experiment,  has  ever  been  the  cause  of  evil ;  and 
the  theories  of  Stahl,  and  Brown,  and  Broussais,  instead  of 
leading,  as  they  might  have  done,  to  real  advance  in  thera- 
peutics, have  only  led  to  waves  of  varying  practice,  con- 
cerning which  it  is  not  quite  easy  to  say  which  was  the  most 
futile. 

The  doctrine  of  similia  similibus  curantur  is  a  signal 
example  of  the  error  made  in  confounding  a  hypothesis 
with  a  law  of  nature.  Long  before  the  time  of  Hahnemann, 
it  had  been  noted  that  medicines  did  good  in  some  diseases, 
the  symptoms  of  which  were  like  those  produced  by  the 
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medicine.  And  some  writers  had  even  speculated  whether 
there  might  not  he  some  law  such  as  that  which  Hahnemann 
afterwards  formulated;  thus  Storck,  in  his  book  on  Stra- 
monium, Hyoscyamus,  Aconite,  and  Colchicum,  published 
in  1762,  says :  "  Interim  tamen  ex  his  formavi  sequentem 
qusestionem.  Si  stramonium  turbando  mentem  adfert 
insaniam  sanis,  an  non  licet  experiri,  num  insanientibus  et 
mente  captis  turbando,  mutandoque  ideas,  et  sensorium 
commune  adferret  mentem  sanam,  et  convulsis  tolleret 
contrario  motu  convulsiones/'  He  gives  an  experiment 
which  seems  to  favour  this  idea. 

Hahnemann, however, was  the  first  to  maintain  ih^iishnilia 
similibus  curantur  was  a,  or  rather  the  general  law  of  thera- 
peutics— a  law  of  nature.  Here  was  his  great  error,  though 
there  can  be  no  doubt  that  his  success  in  founding  a  sect 
was  due  to  the  error.  His  hypothesis  was  much  more  super- 
ficial in  character  than  several  of  the  theories  which  had 
preceded  it,  but  it  was  wider  in  its  scope  and  more  easily 
adapted  as  a  guide  to  practice. 

It  could  readily  be  shown  too,  that  many  deductions 
drawn  from  it  were  in  accordance  with  known  facts,  and  the 
indefinite  extensibility  of  the  term  "  like "  rendered  it 
possible  to  use  the  law  in  explanation  of  many  phenomena 
connected  with  the  treatment  of  disease  which  were  not  at 
that  time  understood.  Promulgated  as  a  theory,  or  one  of 
the  theories  of  the  action  of  medicines,  it  might  have 
attracted  many,  and  would  probably  have  repelled  few ; 
but  its  acceptance  could  only  have  been  of  short  duration, 
for,  as  a  general  law,  it  was  wanting  in  the  precision  which 
the  medical  knowledge  of  the  time  demanded.  But  when 
Hahnemann,  vehemently  insisting  that  it  was  a  law  of 
nature,  built  upon  it  a  system  of  practice,  though  the 
majority  refused  to  accept  either  law  or  practice,  a  few  were 
strongly  attracted  by  the  simplicity  of  the  one  and  the 
apparent  success  of  the  other.  Enthusiasm  and  strong 
belief,    the    tendency    of    disease    to    spontaneous    cure. 
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and  injudicious  persecution,  aided  Hahnemann  and  his 
immediate  followers  in  establishing  a  distinct  medical  sect. 
The  bias  which  the  acceptance  of  a  hypothesis  for  a  general 
law  gives  in  the  estimation  of  the  results  of  experiment  has 
probably  never  been  better  illustrated  than  in  the  case  of 
homoeopathy.  Few  I  take  it  now  look  on  sirnilia  similihus 
in  the  light  that  Hahnemann  did,  as  an  ultimate  law  of 
nature.  It  has  long  been  manifest  that  the  word  ''  like  '' 
can  never  be  the  pivot  on  which  a  general  law  turns,  though 
some  still  regard  similia  similihus  as  an  approximate 
generalisation  useful  as  a  guide  in  treatment.  The  con- 
tinuation of  a  system  of  practice  for  some  time  after  the 
law  on  which  it  was  originated  has  been  found  untenable 
is  only  what  has  been  observed  in  all  cases  where  a  system 
of  practice  has  been  built  on  an  erroneous  theory.     Let  me 

point  out  here,  however,  that,  as  real  discoveries  may,  as  I 

* 

have  shown,  result  from  experiments  made  on  absolutely 
false  hypotheses,  so  it  is  a  mistake  to  throw  doubts  on  cura- 
tive actions  simply  because  they  have  been  discovered  on  the 
ground  of  the  hypothesis  similia  similihus. 

The  theory  of  contraria  contrariis,  I  need  hardly  say,  has 
no  more  right  to  be  considered  a  law  of  nature  than  similia 
similihus,  and  no  one,  I  suppose,  now  thinks  of  founding 
upon  it  his  principles  of  treatment. 

In  the  therapeutic  procedures  of  the  present  time,  in 
so-called  rational  therapeutics,  we  do  not  profess  to  depend 
on  any  wide  general  law  relating  to  cure.  We  are  led  to 
the  choice  of  a  drug  by  previous  experience  of  its  utility  in 
cases  essentially  similar.  Experience  failing  to  provide  us 
with  such  cases,  we  are  guided  either  by  analogy,  or  by 
our  knowledge  of  the  effects  of  drugs  and  disease  on  the 
structure  and  functions  of  the  body,  and  by  approximate 
generalisations  as  to  the  course  of  disease  founded  on 
observation;  but,  as  we  are  unacquainted  with  the  limits 
within  which  these  generalisations  are  true,  we  have  to 
assume  that  the  case  before  us  falls  within  these  limits. 
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Acting  on  this  assumption,  we  make  trial  of  a  drug ;  tlie 
more  correct  our  hypothesis  the  greater  the  probability  that 
the  trial  will  be  successful,  provided  always  that  our  know- 
ledge of  the  effect  of  drug  and  disease  is  correct. 

Let  me  illustrate  this.  In  a  case  of  severe  typhoid  fever 
with  weak  action  of  the  heart,  we  are  guided  to  the  selection 
of  a  drug — say  alcohol,  in  the  first  place  by  our  knowledge 
of  the  condition  of  the  organs.  We  may  know,  for  example, 
from  the  pulse  and  the  condition  of  the  first  sound  of  the 
heart,  that  this  organ  is  in  a  failing  condition,  whilst  other 
organs  show  no  signs  of  giving  way.  In  the  second  place 
we  depend  on  our  knowledge  of  the  action  of  alcohol  as  a 
cardiac  stimulant.  But,  thirdly,  w^e  act  in  accordance  with 
an  approximate  generalisation.  Observation  has  taught  us 
that  in  an  ordinary  case  of  typhoid  fever  recovery  takes 
place,  provided  the  heart's  action  does  not  fail.  We  are 
perfectly  aware  this  is  only  an  approximate  generalisation. 
It  is  not  always  true.  Death  may  take  place  apart  from  heart 
failure,  owing  to  lung  or  intestinal  affections ;  but  we  act 
on  the  hypothesis  that  the  case  before  us  belongs  to  that 
class  in  which  recovery  takes  place  if  the  heart  does  not 
fail,  and  we  give  alcohol.  Provided  our  knowledge  of  the 
condition  of  the  organs  and  the  effect  of  the  alcohol  is 
correct,  our  success  will  depend  on  the  correctness  of  our 
hypothesis. 

In  the  use  of  antipyretics  again,  we  often  employ  the 
generalisation,  also  founded  on  observation,  that  recovery 
takes  place  if  the  temperature  can  be  kept  down.  Manifestly 
this  is  only  an  approximation  to  the  truth;  we  know  full 
well  that  many  cases  die  even  though  the  temperature  never 
rises  unduly  high ;  but  in  every  individual  case  where  we 
employ  antipyretics,  we  act  on  the  hypothesis  that  it  belongs 
to  that  class  which  will  recover,  provided  the  temperature 
remains  within  certain  bounds,  and  our  success  depends  on 
the  validity  of  this  assumption. 

It  will  be  observed  that  both  the  above-named  general- 
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isations  are  founded  on  a  wider  one,  that  in  diseased 
conditions  there  is  naturally  a  tendency  to  a  return  to  health. 

Another  approximate  truth  founded  on  observation 
which  we  largely  employ,  is  the  statement  that,  if  the  cause 
of  a  disease  be  removed,  recovery  will  follow.  If  the  word 
cause  were  used  in  its  strict  sense,  as  the  sum  total  of  the 
immediate  and  necessary  antecedents,  this  statement  would 
come  under  a  general  law  which  is  universally  true.  But 
in  the  loose  way  in  which  the  word  cause  is  used  in  relation 
to  disease,  the  generalisation  is  only  true  within  certain 
limits,  and  a  hypothesis  of  more  or  less  probability  is 
involved  when  we  employ  it  as  a  means  of  arriving  by 
deduction  at  the  remedy  required  in  an  instance  of  disease. 

If,  for  example,  a  man  should  come  before  us  suffering 
from  violent  pain  and  nausea  after  a  hearty  meal  of  pork, 
and  we  feel  satisfied  that  the  pork  has  been  the  exciting 
cause  of  the  trouble,  we  may  give  an  emetic  on  the  assump- 
tion that  the  case  belongs  to  that  class  of  ailments  in  which, 
on  the  removal  of  the  cause,  recovery  takes  place.  Here, 
again,  if  our  view  of  diseased  condition  and  drug  action  be 
correct,  if  the  stomach  is  really  overloaded  by  undigested 
pork  which  has  set  up  irritation,  and  if  the  emetic  acting 
according  to  a  pharmacological  law  causes  its  ejection,  the 
experiment  will  be  successful,  provided  our  hypothesis  be 
correct  that  the  case  belongs  to  the  class  in  which  the 
removal  of  the  apparent  cause  is  followed  by  recovery.  In 
the  example  before  us,  the  assumption  is  made  with  very 
great  probability,  but  it  is  not  necessarily  correct.  The 
pork  may  be  there,  it  may  have  originated  the  trouble  ;  the 
emetic  may  act  according  to  law,  yet  it  may  fail  to  relieve. 
We  often  proceed  on  the  supposition  that  the  principle 
"  toUe  causam  "  holds  good  in  ailments  which  are  only 
doubtfully  within  the  limits  of  its  application.  In  the  case 
of  paralysis  known  to  be  caused  by  the  poison  of  specific 
disease,  and  with  the  certainty  that  iodide  of  potassium  or 
mercury  will  remove  the  poison,  we  may  nevertheless  be 
c 
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uncertain  whether  we  can  rightly  assume  that  removing 
the  cause  will  cure  the  ailment ;  for  whilst  the  originating 
poison  may  be  removable  the  sequential  changes  in  some 
part  of  the  nervous  system  may  be  unalterable  by  medica- 
ments. It  may  be  contended  that  in  this  and  similar  cases 
the  conclusions  may  be  invalid,  not  because  we  conclude 
erroneously  that  our  case  comes  under  a  partial  generalisa- 
tion, but  because  we  assume  falsely  that  the  poison  of  specific 
disease  caused  the  paralysis,  which  was  really  due  to  certain 
tissue  changes  induced  by  the  poison ;  or,  in  other  words, 
because  to  a  general  law  as  a  major  premiss  we  tack  on  a 
hypothetical,  and  in  this  case  erroneous,  minor,  such  as : 
"  The  poison  of  specific  disease  caused  paralysis."  This  is 
true  if  the  word  cause  be  only  used  in  its  strict  sense.  But 
in  the  absence  of  definite  knowledge  concerning  any  other 
immediate  and  necessary  antecedent,  we  usually  look  upon 
the  most  distinct  originating  influence  as  the  cause  of  a 
disease ;  and  it  is  by  the  removal  of  this  influence  that  in 
practice  we  count  on  accomplishing  cure.  It  is  in  this  sense 
that  we  often  look  upon  certain  materials  present  in  the 
intestinal  canal,  blood,  or  tissues  as  causes  of  disease,  and 
employ  evacuants  to  get  rid  of  them.  On  the  belief  that  a 
certain  material  present  in  some  part  of  the  body  causes 
the  ailment  before  us,  we  give  whatsoever  drug  pharmaco- 
logical knowledge  teaches  us  will  expel  this  material. 

Removal  of  "  peccant  material,"  when  we  can  accomplish 
it,  usually  relieves  or  cures.  It  is  by  no  means  certainly 
successful ;  yet  we  constantly  give  drugs,  as  if  such  removal 
must  be  so. 

A  third  generalisation  of  uncertain  limits,  allied  to 
that  relating  to  the  removal  of  cause,  is  not  unfrequently 
employed  in  therapeutic  reasoning.  Disease  is  a  deviation 
from  the  normal  state  of  some  of  the  functions  and  tissues 
of  the  body.  Cure  consists  in  a  restoration  to  a  normal 
state  of  all  these  functions  and  tissues.  It  does  not  follow, 
however,  that  a  drug  which  effects  the  restoration  of  one 
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of  tkem  to  the  state  it  was  in  during  health  will  cure ;  such 
restoration  may  indeed  lead   to  further  troubles.       The 
return  of  the  skin  to  a  normal  state  in  some  eruptive  diseases 
is  followed  by  great  evils,  yet  we  know  that  often,  when 
several  organs  are  affected,  the  restoration  of  one  of  them  to 
a  healthy  state  is  followed  by  the  return  of  all,  so  often 
indeed  that  we  act  as  if  this  were  a  general  principle.     In 
a  case  of  cardiac  disease  for   example,   with   bronchitis, 
anasarca,  ascites,  anorexia,  nausea,  and  enlarged  liver,  we 
often  give  digitalis,  for  we  know  that  if  we  can  influence 
the  heart,  and  make  it  act  as  in  health,  cure,  or  at  least  the 
return  of  all  other  organs  and  tissues  to  a  state  approaching 
recovery  as  near  as  possible,  will  follow.     Here,  indeed,  we 
can  well  understand  why  this  should  be.     Often  we  see  but 
dimly  the  relationship  between  the  alterations  in  function 
and  tissue  of  various  orga.ns  which  together  constitute  a  con- 
dition of  disease,  and  sometimes  this  relationship  is  quite 
hidden  from  us.     Nevertheless,  even  then,  in  default  of  a 
better  indication,  we  try  to  restore  the  healthy  function  of 
the  organ  most  prominently  affected.     Now,  whenever  we 
select  a  drug  with  the  idea  that  the  restoration  of  one  organ 
to  its  normal  state  will  be  followed  by  the  return  of  all, 
we  act  on  the  supposition  that  our  case  belongs  to  the  class 
in  which  such  a  general  return  does  follow.     If  the  sup- 
position be  correct,  the  drug  will  bring  about  the  result  we 
desire,  provided,  of  course,  that  our  view  as  to  the  condition 
of  the  organ  we  have  to  influence  by  the  drug  be  true,  and 
our  idea  of  the  eft'ect  of  the  drug  be  correct. 

It  seems  to  me  that  in  all  therapeutic  reasoning  relating 
to  cure,  we  use  one  of  the  approximate  generalisations  just 
indicated,  or  at  least  one  of  a  similar  kind,  and  the  con- 
sideration of  the  nature  of  the  case  before  us  indicates  the 
one  we  may  most  profitably  employ.  Having  decided  upon 
it,  and  assumed  that  the  case  before  us  comes  under  it,  we 
next  atempt  to  influence  certain  functions  or  tissues  in 
accordance  with  it,  and  the  relation  of  pharmacology  to 
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therapeutics  consists  in  this,  that  a  knowledge  of  the 
physiological  action  of  drugs  teaches  us  how  we  may  thus 
influence  those  functions  and  tissues  in  the  direction  which, 
according  to  our  generalisation,  is  most  likely  to  lead  to  a 
return  to  health.  From  pharmacological  laws  we  learn  how 
we  can  so  sustain  an  organ  as  to  prevent  an  early  loss  of 
function ;  how  we  can  so  act  on  an  emunctory  as  to  cause 
it  to  carry  off  either  an  excess  of  the  material  which  it 
naturally  excretes,  or  material  which  is  foreign  to  it ;  how 
we  can  stimulate  an  inactive  organ,  or  depress  the  undue 
activity  of  an  organ ;  how  we  can  increase,  decrease,  or  alter 
the  nutrition  of  a  tissue. 

Of  course  our  knowledge  of  the  effects  of  drugs  on  func- 
tions or  tissues  can  only  be  effectually  employed  when  we 
know  the  conditions  to  which  they  have  been  brought  by 
disease,  and  therefore  the  data  of  therapeutic  reasoning  may 
be  said  to  be  :  — 

(1)  Approximate  generalisations  relating  to  the  cause  or 

course  of  disease. 

(2)  A  knowledge  of  the  effects  of  disease  on  the  various 

functions  and  tissues. 

(3)  A  knowledge  of  the  effects  of  drugs  on  these  fimctions 

and  tissues. 
In  the  trains  of  reasoning  used  in  what  are  called 
rational  therapeutics  all  these  data  are  commonly  employed, 
but  under  some  conditions  they  are  not  all  needed  for  the 
determination  of  treatment.  When,  for  example,  we  desire 
simply  to  alleviate  pain,  we  may  use  the  empirical  laws 
relating  to  the  physiological  action  of  drugs  without  the 
aid  of  generalisations  concerning  the  course  and  cause  of 
disease.  We  may  thus  employ  the  law  that  chloroform 
annuls  sensation.  It  may  be  noted,  however,  that  if  we 
relieve  pain  to  promote  restoration  to  health,  we  at  once 
use  a  generalisation  only  partially  true,  that  relief  of  pain 
tends  to  recovery,  and  assume  that  the  case  before  us  comes 
under  it. 
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Again,  we  not  infrequently  use  approximate  therapeutic 
generalisations  in  place  of  pharmacological  laws.  In  a 
case  of  typhoid  fever,  for  example,  with  severe  bronchitis, 
having  assumed  that  it  belongs  to  that  class  which  will  get 
better  if  bronchitis  be  subdued,  we  may  act  upon  the  pro- 
position that  a  certain  drug  cures  bronchitis  instead  of 
considering  the  special  lung  functions  we  ought  to  influence. 
But  in  using  these  general  therapeutic  propositions,  founded 
on  experience,  we  generally  have  likewise  a  hazy  idea  of 
certain  pharmacological  laws  from  which  they  might  be 
explained,  and  the  less  we  can  explain  them,  the  less  can, 
we  rely  upon  them.  We  very  constantly,  as  I  have  said, 
thus  combine  reasoning  founded  on  hypothesis  and 
experience. 

It  will  be  observed  that  I  make  a  distinction  between 
the  generalisations  of  pharmacology  and  therapeutics.  I 
believe  there  is  an  important  and  essential  diiference 
between  them. 

Therapeutic  generalisations  are  founded  necessarily  on 
the  methods  of  agreement,  and  hence  they  must  ever  be 
insusceptible  of  the  exactness  which  is  possible  when  other 
methods  of  investigation  can  be  employed.  However  many 
recover  from  an  ailment  under  the  action  of  a  certain  drug, 
we  can  never  be  sure  that  every  one  will  do  so.  As  we  can- 
not find  naturally,  nor  produce  by  artificial  means,  cases 
of  disease  so  exactly  similar  that  we  can  be  sure  they  will 
pursue  a  uniform  course  unless  a  disturbing  influence  such 
as  a  drug  be  introduced,  we  cannot  determine  accurately 
the  influence  of  the  drug  on  the  general  course  of  disease 
in  any  individual  case.  Our  generalisations  as  to  the 
therapeutic  effects  of  drugs  must  therefore  be  always  more 
or  less  approximate.  On  the  other  hand,  in  pharmacology 
we  can  often  employ  the  method  oJ  difference  and  can  there- 
fore arrive  with  certainty  at  laws,  empirical  indeed,  but 
reliable  within  limits  capable  of  being  fairly  w^ell  defined ; 
for  the  functions  of  the  organs  and  tissues  of  the  body  are 
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performed  with  such  regularity  in  healthy  aniinals  that  we 
can  safely  look  upon  the  effects  which  follow  the  intro- 
duction of  a  disturbing  influence  such  as  a  drug  as  the  cause 
of  the  differences  which  follow.  We  can  therefore  often 
ascertain  definitely  the  effects  of  drugs,  that  is  the  law  of 
their  action.  The  effects  of  atropine  on  the  vagus  and  of 
nitrite  of  amyl  on  the  pulse,  for  example,  are  absolutely 
reliable  within  limits  which  can  be  defined.  It  is  true  that 
exact  knowledge  is  at  present  confined  within  narrow 
bounds,  and  that  we  are  in  doubt  as  to  the  exact  effect  of 
many  drugs  on  healthy  organs.  Nevertheless  pharmaco- 
logical laws  are  the  most  reliable  of  the  data  we  use  in 
therapeutic  deductions.  Herein  lies  their  value.  But  to* 
use  them  aright  we  must  always  be  fully  alive  to  the 
narrowness  of  the  limits  within  which  we  can  trust  their 
application,  to  the  fallacies  natural  to  observations  on  the 
physiological  action  of  drugs.  Let  me  briefly  point  out 
some  of  the  circumstances  which  thus  limit  us  and  lead  to 
errors  in  our  deductions. 

Though  we  can  be  sure  in  any  individual  animal  that  a 
drug  will  act  on  a  function  in  a  definite  manner,  we  are 
in  no  new  instance  certain  as  to  the  quantity  which  will  be 
required  to  produce  this  action.  The  same  dose  of  alcohol 
may  be  taken  by  two  men:  in  one  no  effects  can  be  per- 
ceived; in  another,  from  its  action  on  the  brain,  very 
definite  phenomena  follow.  It  has  long  been  known,  too> 
that  a  large  number  of  drugs  possess  what  is  called  a  double 
action,  first  stimulating  then  diminishing  the  activity  of 
the  functions  on  which  they  act.  Opium,  for  example,  first 
excites  the  brain,  then  causes  sleep.  Now  this  opposite 
action  is  largely  dependent  on  the  dose.  The  eighth  of  a 
grain  may  cause  excitement  with  hardly  any  indications  of 
drowsiness,  whilst  two  grains  given  to  the  same  man  may 
quickly  produce  deep  sleep  with  only  very  slight  indication 
of  excitement,  or  it  may  be  none  at  all.  And  further,  in 
two  individuals  in  whom,  so  far  as  we  can  tell,  all  the 
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functions  of  life  are  carried  on  in  an  exactly  similar  manner, 
the  same  dose  may  produce  opposite  effects ;  a  grain  of 
opium  exciting  one  man  and  causing  sleep  in  another. 

The  dose  which  first  causes  one  effect  will  sometimes, 
if  the  administration  be  continued,  lead  to  the  directly 
opposite  effect.  Ten  drops  of  tincture  of  digitalis  will,  after 
a  few  doses,  make  the  pulse  beat  more  slowly  and  more 
forcibly ;  after  a  few  more  doses  it  will  make  it  beat  quickly 
and  with  weakened  power. 

Sometimes,  too,  the  dose  of  a  drug  which  at  first  caused 
distinct  effects  on  an  organ,  ceases  after  its  continued 
exhibition  to  influence  it. 

Again  the  difficulties  in  deciding  upon  the  part  played 
by  a  drug  in  the  results  which  follow  its  administration  are 
often  very  great,  the  more  so  since  much  of  our  knowledge 
as  to  the  effects  ^f  drugs  on  special  functions  is  of  necessity 
derived  from  experiments  on  animals,  and  we  are  not  always 
assured  that  remedies  affect  the  various  organs  of  man  and 
the  lower  animals  in  the  same  manner. 

Now  these  limiting  circumstances  and  sources  of  error 
interfere  much  with  the  utility  of  pharmacology  as  a  guide 
to  treatment ;  but  though  they  must  ever  be  borne  in  mind, 
they  by  no  means  abolish  our  reliance  on  pharmacology. 
For  the  variability  of  the  effects  of  drugs  on  organs  depends, 
as  already  indicated,  not  on  the  difference  in  kind  of  action, 
but  on  difference  in  susceptibility,  and  on  the  contrary 
action  of  varying  doses.  If  we  could  judge  of  the  suscep- 
tibility of  an  organ  to  a  drug,  we  could  count  absolutely 
on  always  producing  the  same  effect  by  modifying  the  dose 
in  accordance  with  the  susceptibility.  Though  we  cannot 
do  this,  we  often  can,  by  modifying  the  amount  of  the  dose, 
count  with  certainty  on  influencing  the  same  organs, 
in  different  individuals,  in  the  same  direction  by  a 
drug. 

With  regard  to  the  difference  between  the  effects 
occasionally  produced  on  organs  at  first,  and  after  prolonged 
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administration,  we  can  ascertain  by  experience  under  what 
conditions  this  difference  must  be  taken  into  account. 

The  difficulty  of  determining  in  some  cases  whether  the 
effects  which  follow  a  drug  are  due  to  it  or  to  other  causes 
must  ever  remain,  and  we  are  at  times  compelled,  in  thera- 
peutic reasoning,  to  assume  the  truth  of  pharmacological 
data  which  are  doubtful.  But  the  identity  between  the 
effects  of  remedies  on  functions  and  tissues  in  man  and  the 
lower  animals  can  be  established  in  many  cases  beyond  all 
doubt,  and  when  from  difference  in  construction  or  other 
causes  man  is  not  affected  by  an  agent  in  the  ssCme  way  as 
some  of  the  lower  animals,  we,  as  a  rule,  readily  become 
aware  of  this  by  experiment  or  observation.  Pharmaco- 
logical laws  relating  to  man  cannot,  of  course,  be  founded 
on  facts  observed  only  in  the  lower  animals.  Such  facts 
can  only  indicate  that  similar  phenomen^;  probably  will 
occur  in  man,  and,  if  in  therapeutic  deductions  we  assume 
without  proof  that  it  does  so  occur,  the  correctness  of  our 
conclusion  will  be  only  in  accordance  with  the  correctness 
of  our  assumption. 

NotAvithstanding  the  narrow  limitations  within  which 
alone  we  can  employ  pharmacological  laws,  these  laws  do 
often  afford  us  firm  data  in  our  reasoning.  But  when 
applying  these  laws  in  therapeutic  procedures  we  often 
make  two  assumptions  which  I  must  here  notice.  Firstly, 
that  diseased  functions  and  tissues  are  affected  in  the  same 
manner  as  the  healthy ;  and  secondly,  that  when  by  means 
of  drugs  organs  are  so  influenced  as  to  return  towards  their 
normal  state,  they  will  not,  on  withdrawing  the  drug,  revert 
to  their  former  abnormal  condition.  In  many  instances  we 
can  ascertain  by  observation  that  the  effects  of  a  drug  on  a 
diseased  and  healthy  organ  are  identical ;  we  can  even  use 
experiment  to  determine  this,  for  we  can  induce  some  patho- 
logical conditions  artificially,  and  prove  the  effect  of  a  drug 
as  distinctly  on  the  diseased  as  on  the  healthy  organ. 

Our  belief,  again,  that  the  alterations  in  the  functions 
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of  an  organ  produced  by  a  drug  will  continue  after  the  drug 
is  withdrawn,  is  founded  on  an  approximate  generalisation. 
AYe  note  this  continuance  in  so  many  cases  that  we  look  for 
its  occurrence  in  all. 

When,  for  example,  digitalis  has  strengthened  and 
rendered  slow  the  action  of  the  heart,  and  the  dropsy  and 
other  symptoms  which  accompanied  quick  and  weak  cardiac 
action  have  gone,  we  ordinarily  find  that  evil  symptoms, 
connected  with  the  heart  do  not  reappear  when  the  drug  is 
no  longer  given,  at  least  not  without  some  further  cause ; 
but  yet  we  see  occasionally  this  continuance  of  a  more 
healthy  state  wanting  without  any  satisfactory  cause. 
Where  we  use  the  generalisation  I  am  alluding  to  in  reason- 
ing, we  can  only  assume  with  more  or  less  probability  that 
the  case  before  us  comes  under  it. 

I  have  set  forth  at  some  length  some  of  the  numerous 
assumptions  we  are  obliged  to  make  in  therapeutic 
reasoning,  because  it  seems  to  me  that  evils  have  ensued 
from  forgetfulness  of  the  important  part  which  hypotheses 
play  therein.  On  the  one  hand,  some  seem  to  rely  on  their 
conclusions  as  if  they  used  laws  only  in  their  deductions, 
and  such  men  are  too  apt  to  see  in  their  experiments 
that  which  they  think  they  ought  to  see.  Others,  again, 
finding  that  their  deductions  so  often  fail,  pass  to  the 
opposite  extreme  and  lose  faith  in  all  attempts  to  treat 
disease  rationally.  There  are,  indeed,  many  sources  of 
fallacy  in  our  reasoning,  but  we  have  now  therapeutic 
generalisations  so  nearly  approaching  laws,  and  pharmaco- 
logical laws  of  such  certainty,  that  in  many  cases  we  can 
depend  with  fair  confidence  on  the  conclusions  deduced 
therefrom. 

It  is  probable,  too,  that  careful  observation  will  enable 
us  to  render  our  therapeutic  generalisations  still  further 
akin  to  laws ;  but  it  is  to  pharmacology  that  we  must  look 
for  the  greatest  advances,  for  here  we  are  beginning  to  see, 
dimly  though  it  may  be,  the  nature  of  the  general  laws. 
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by  which  our  present  empirical  laws  relating  to  the  action 
of  drugs  may  be  explained. 

Even  now  it  is  perhaps  right  to  look  upon  the  proposition 
enunciated  some  time  ago  by  Dr.  Eabagliati,^  "  Different 
remedies  tend  to  act  on  different  parts  of  the  human  body," 
as  a  law  of  nature.  I  am  hardly,  however,  inclined  to 
regard  in  the  same  light  his  second  proposition,  "  The 
secondary  action  of  any  and  all  acting  remedies  is  contrary 
to  the  primary."  It  seems  to  me  that  at  the  present  time 
all  we  can  assert  with  confidence  is  that  most  remedies  have 
opposite  effects  in  different  doses.  We  may  hope  before 
long  to  explain  the  cause  of  the  selective  action  of  drugs, 
of  the  different  effects  of  different  doses  in  the  same  in- 
dividual, and  of  the  same  dose  in  different  individuals,  by 
showing  that  they  depend  on  other  laws  of  wider  generality. 
Already  hypothetical  laws  have  been  put  forth  for  this 
purpose  by  Dr.  Headland,  Dr.  E/abagliati,  Dr.  Ross,  and 
others,  some  of  which  may  prove  to  be  real  general  laws, 
or  may  lead  us  to  discovery  of  such  laws.  When  these  are 
established,  we  may  expect  that  the  progress  of  therapeutics 
will  be  rapid,  but  meanwhile  we  must  beware  of  accepting 
for  laws  governing  practical  procedures,  theories,  or 
approximate  generalisations.  Nothing  in  times  past  has 
been  more  fatal  to  real  progress  in  the  therapeutic  art.  As 
long  as  we  use  them  with  a  full  appreciation  of  their  exact 
nature  no  harm  accrues,  nay  often  good.  The  application 
of  our  knowledge  of  the  frequency  with  which  medicines 
produce  contrary  effects  in  different  doses  often  indicates 
new  uses  to  which  we  may  put  them.  The  theory  of  the 
action  and  reaction  following  on  their  administration 
explains  failures  and  successes  which  otherwise  would 
puzzle  us,  and  leads  to  new  experiments.  But  in  the 
treatment  of  disease  it  would  be  a  mistake  as  yet  to  rely 
absolutely  on  the  existence  of  a  double  action  in  the  case 
of  every  drug,  or  to  look  for  the  invariable  appearance  of 

reaction. 

^  "  Practitioner,"  vol.  xix.,  p  169. 
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Thus  far  I  have  only  alluded  to  two  methods  by  which 
we  are  guided  in  selecting  a  drug,  experience  and  the  deduc- 
tive method  which  I  have  described  at  length;  analogy 
may  be  looked  upon  as  a  third.  When,  casting  round 
for  a  remedy  in  an  instance  of  disease,  we  meet  with  no 
exact  counterpart,  we  sometimes  call  to  mind  another  case 
like,  yet  we  are  aware  not  essentially  like,  the  one  before  us, 
and  try  the  same  remedy  which  succeeded  there.  We 
proceed  on  the  assumption  that  the  two  cases,  though  not 
quite  similar,  may  be  affected  similarly  by  the  same  agent, 
or  that  the  presence  or  absence  of  certain  symptoms  by 
which  the  two  cases  differ  will  not  invalidate  the  action  of 
the  remedy.  Here  manifestly  our  experiment  is  founded 
on  a  hypothesis,  and  success  will  depend  on  its  correctness. 

In  the  earlier  portion  of  this  lecture  I  stated  my  opinion 
that  experience,  notwithstanding  all  its  possible  fallacies, 
is  the  firmest  basis  for  therapeutic  procedures.  I  think  I 
have  shown  that  in  the  present  state  of  our  knowledge  there 
is  good  reason  for  this  view.  The  consideration  that  a 
remedy  has  restored  health  in  a  case  or  cases  essentially 
like  one  before  us  must  ever  outweigh  conclusions  derived 
deductively  in  either  of  the  two  ways  I  have  indicated. 

Our  views  as  to  treatment  are  often  formed  partly  on 
experience,  partly  on  reasoning,  but  sometimes  reasoning 
and  experience  clash  instead  of  coinciding ;  when  this  is  the 
case  we,  as  a  rule,  acknowledge  experience  to  be  the  best 
guide  by  trusting  to  it,  and  with  good  reason.  When  the 
value  of  mercurial  purgatives  in  certain  affections  of  the 
liver  seemed  disproved  by  the  investigations  of  Bennett  and 
Rutherford,  who  showed  that  mercury  did  not  increase  the 
secretion  of  bile,  it  was  concluded  that  experience  and 
reasoning  were  opposed.  It  is  now,  I  think,  generally 
acknowledged  that  they  who  continued  to  rely  on  experience 
acted  wisely;  the  deduction  that  mercury  could  not  be 
useful  because  it  could  not  be  shown  to  increase  the  flow 
of  bile  was  founded  on  an  erroneous  assumption,  that  in 
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these  afEections  stimulation  of  the  liver  secretion  was 
necessary  to  the  cure.  Undoubtedly  experience  is  decep- 
tive, and  if  we  could  feel  assured  that  the  data  of  ouf 
therapeutic  deductions  were  reliable  we  should  trust  to 
these  deductions  rather  than  experience.  But  it  is  not  so. 
In  our  reasoning  we  are  compelled  to  use  assumptions  and 
observations,  both  of  which  may  be  erroneous. 

A  time  may  come  when  increased  knowledge  of  the  laws 
of  pharmacology  and  disease  may  enable  us  to  formulate 
therapeutic  laws  as  certain  and  as  wide  as  those  of  chemistry, 
but  much,  very  much,  has  to  be  done  before  this  can  be 
accomplished;  and  considering  the  difficulties  of  precise 
investigation,  where  life  is  concerned,  it  seems  to  me  no 
disgrace  to  the  medical  profession  that  more  generalisations 
cannot  be  made  as  yet.  Until  they  are  made  medical  men 
must  ever  remember  the  pitfalls  into  which  they  may  be 
led  if  they  do  not  fully  appreciate  the  uncertainties  sur- 
rounding their  judgments,  owing  to  the  uncertainty  of  the 
data  on  which  they  are  often  of  necessity  founded.  They 
must  ever  bear  in  mind,  on  the  one  hand,  the  fallacies, 
special  to  experience,  arising  from  imperfect  observation 
and  bias ;  on  the  other,  those  which  mav  be  due  to  false 
hypotheses.  As  long  as  we  remember  these  things,  we  shall 
constantly  look  out  for  errors  and  shall  be  chary  in  our 
decisions,  but  if  we  forget  them,  or  mistake  a  hypothesis  for 
a  law,  undue  reliance  on  our  conclusions  will  tend  to  land 
us  in  a  fool's  paradise. 
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SPIRITUS    ^THERIS    XITROSl. 

1883. 


Spirit  of  nitrous  ether  has  been  administered  as  a  medicine 
for  several  hundred  years.  A  preparation  of  it  was  given 
medicinally  as  early  as  the  thirteenth  century,  and  since 
the  fifteenth  century,  when  Basil  Valentine  introduced  an 
improved  method  of  preparing  it,  the  spirit  has  been  very 
largely  used.  In  England  especially  it  has  been  much 
employed,  and  though  at  the  present  time  held  in  less 
repute  than  formerly  by  the  profession,  its  use  as  a  domestic 
remedy  under  the  name  of  ^'  sweet  spirit  of  nitre "  >s 
common  throughout  the  land.  But  if  we  turn  to  what 
has  been  written  concerning  the  physiological  action  of 
this  drug,  we  find  the  information  given  to  be  but  scanty. 
Dr.  Gairod  calls  it  a  stimulant  diaphoretic  and  diuretic, 
and  a  refrigerant.  He  states,  too,  that  it  increases 
the  water  whilst  diminishing  the  solids  of  the  urine. 
Some  French  authorities,  as  Trousseau  and  Pidoux  and 
Rabuteau,  following  Flourens,  classify  it  with  the  anaesthe- 
tics, whilst  Dr.  Richardson  denies  that  it  possesses 
anaesthetic  power.  Both  Simpson  and  Snow,  however, 
found  it  induce  insensibility  to  pain.  Wood,  after  point- 
ing out  that  its  inhalation  may  produce  poisonous  effects, 
says  that  in  ordinary  doses  it  exerts  no  marked  effects 
beyond  increasing  the  action  of  the  kidneys  and  skin,  but 
he  considers  it  may  act  as  a  stimulant  to  the  nervous 
system,  and  in  the  same  manner  as  antispasmodics  do. 
Pareira,  too,  speaks  of  it  as  a  carminative.      It  has  also 
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been  alluded  to  by  some  authors  as  a  cardiac,  and  likewise, 
too,  as  a  diffusible  stimulant.  Dr.  Ringer  apparently 
thinks  it  is  a  drug  unworthy  of  consideration,  as  he  does 
not  even  mention  it  in  his  handbook;  and  many  other 
writers  seem  to  doubt  its  value  as  a  therapeutic  agent. 
Some  experiments,  however,  which  I  have  recently  made 
with  the  pharmaceutical  preparation,  lead  me  to  believe 
that  its  physiological  effects  are  by  no  means  slight,  and 
that  a  knowledge  of  them  may  lead  us  to  a  better  compre- 
hension of  the  mode  of  action  and  true  value  of  the  drug 
than  we  have  hitherto  had. 

Spirit  of  nitrous  ether,  even  in  ordinary  doses,  is  a 
distinct  depressor  of  arterial  tension.  Its  properties 
depend,  of  course,  on  the  nitrous  ether  it  contains,  and 
these  properties  are  like  to  those  which  nitrite  of  amyl, 
nitro-glycerine,  and  the  nitrites  of  the  alkaline  metals 
have  been  shown  to  possess ;  but,  contrary  to  what  might 
have  been  expected,  the  influence  of  the  drug  upon  the 
circulation  is  of  considerable  duration. 

The  fact  that  nitrite  of  ethyl  is  capable  of  influencing 
the  circulatory  organs  in  the  same  manner  as  nitrite  of 
amyl  was  first  pointed  out  by  Dr.  Richardson  in  1867, 
though  Hermbstadt  had  previously  noticed  that  the  vapour 
of  nitrous  ether  affected  the  head  and  caused  fulness  of 
its  vessels.^  Richardson  found  that  in  man  it  caused  a 
sense  of  fulness  in  the  head,  rapid  action  of  the  heart, 
and  suffusion  of  the  skin,  just  as  nitrite  of  amyl  does,  and 
that,  like  this  latter  drug,  it  causes  the  blood  to  become 
of  a  chocolate  colour.  Dr.  Hay,  in  his  recent  papers  in 
The  Practitioner,  "  On  the  Value  of  some  Nitric,  Nitrous, 
and  Nitro-Compounds  in  Angina  Pectoris,"  confirms  Dr. 
Richardson's  statements.  He  proves  that  nitrite  of  ethyl 
further  resembles  nitrite  of  amyl  and  the  other  nitrites, 
in  its  power  of  averting  anginal  attacks,  but  he  states  that 
twenty  minims  of  a  solution  of  the  nitrite  in  alcohol  pro- 

^Strumpf  Arzneimittellehre,  vol.  i.,  p.  1014. 
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duced  on  himself  no  perceptible  effect,  and  that  given  to 
a  patient  with  angina  it  also  failed  to  produce  any  effect 
on  the  ailment  till  sixty  or  seventy  minims  had  been 
taken ;  then  it  acted  like  nitrite  of  soda.^ 

Dr.  Hay's  experiments  led  me  to  try  the  spirit,  seth. 
nitr.  of  the  pharmacopoeia,  which  probably  contains,  when 
pure,  from  three  to  four  per  cent,  of  nitrite  of  ethyl.^  I 
find  that  if  100  minims  of  spiritus  aetheris  nitrosi  be  given 
to  a  healthy  subject,  the  sphygmographic  pulse-tracing 
invariably  indicates  a  marked  fall  in  arterial  tension,  and 
that  this  decreased  tension  lasts  for  two  or  three  hours. 
I  find,  too,  that  smaller  doses,  such  as  fifty  or  twenty-five 
minims,  produce  a  similar  influence  on  the  circulation, 
though  it  is  less  marked  aud  less  enduring.  Increased 
frequency  of  beat  always  accompanies  the  fall  in  tension, 
and  the  percussion  wave  in  the  tracing  is  heightened. 

The  tracings  (Figs.  1 — 7)  show  the  results  of  100  minims 
of  spiritus  setheris  nitrosi,  on  V.  C,  a  man  aged  30,  some- 
what debilitated,  but  with  sound  organs. 

The  spirit  used  was  obtained  from  Messrs.  Woolley, 
Sons  and  Co.,  and  was  found  to  effervesce  rather  strongly 
with  bicarbonate  of  soda,  but  to  be  otherwise  free  from 
impurities,  and  to  answer  to  the  pharmacopoeial  test  of 
strength,  that  is,  it  threw  up  two  per  cent,  of  an  ether  when 
treated  with  saturated  solution  of  chloride  of  calcium.  It 
contained  but  little  aldehyde. 

It  will  be  noticed  that  one-and-a-half  minutes  after 
the  spirit  was  taken  its  effect  on  the  pulse  was  not  per- 
ceptible, but  that  in  three  minutes  it  was  marked,  and  in 
eight  minutes  the  tension  was  very  low.  In  thirty  minutes 
a  slight  rise  occurred,  and  this  gradually  became  more 

^  The  solutioD,  though  supi^osed  at  the  time  it  was  used  to  contain  25  per 
cent,  of  nitrite  of  ethyl,  was  afterwards  found  to  contain  only  IJ  per  cent. 

^  It  is  usually  svipposed  that  the  separation  of  2  per  cent,  of  an  ethereal 
liquid  on  the  addition  of  calcium  chloride  to  spirit,  seth.  nitr.  indicates  the 
presence  of  10  per  cent,  of  nitrite  of  ethyl.  Dr.  Dupr^,  however,  in  a  paper 
published  in  the  Pharmaceutical  Journal^  August  2,  1879,  says  that  spirit, 
seth.  nitr.,  prepared  by  the  B.P.  process  and  answering  to  the  B.P.  test,  may 
only  contain  3  per  cent,  of  nitrite  of  ethyl. 
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distinct  for  some  time.  Rather  m.ore  than  an  hour  after 
the  ingestion  of  the  drug  a  fall  in  tension  occurred — this 
is  well  seen  in  the  tracing  Fig.  6  taken  at  eighty  minutes. 
After  this,  succeding  pulse -tracings  showed  a  gradual  rise, 
but  in  three  and  three-quarter  hours  the  pulse  had  hardly 
reached  its  normal  tension. 

In  all  the  instances  in  which  I  have  determined  the 
effects  of  spirit  of  nitrous  ether  on  the  circulation,  I  have 
observed  like  results,  but  the  effects  have  not  been  usually 
so  long-lasting  as  in  this  case.  V.  C,  though  otherwise 
healthy,  was  weak  from  the  results  of  bowel  catarrh,  and 
his  circulation  was  somewhat  readily  influenced  by  drug& 
as  well  as  by  excitement. 

In  order  to  ascertain  whether  the  rectified  spirit  which 
forms  so  large  a  proportion  of  the  sweet  spirit  of  nitre  had 
any  share  in  the  production  of  the  effects  above  noted, 
we  administered  on  the  day  following  100  minims  of  spt. 
vini.  rect.  to  the  same  man,  and  my  House  Physician,  Mr, 
Harvey  Jones,  to  whom  I  am  much  indebted  for  aid,  took 
a  series  of  tracings  which  proved  that  this  quantity  of  spirit 
did  not  influence  at  all  the  tension  of  the  pulse. 

The  tracings  (Figs.  8 — 14)  show  the  effects  of  spiritus 
setheris  nitrosi  on  the  pulse  of  V.  C.  in  doses  of  fifty  and 
twenty-five  minims,  some  days  afterwards. 

It  will  be  seen  that  an  hour  after  fifty  minims  the 
tension  was  not  fully  restored.  I  have  seen  the  effect  of 
the  drug  in  this  dose  perceptible  for  150  minutes,  whilst 
twenty-five  minims  will  at  times  affect  the  pulse  for  eighty 
minutes. 

The  duration  of  the  influence  recognisable  by  the 
sphygmograph  depends  on  the  condition  of  the  circulation, 
and  hence  varies  somewhat  in  different  individuals.  It 
varies,  too,  to  a  certain  extent  in  different  individuals  at 
different  times.  V.  C.  took  the  nitrous  ether  on  manv 
occasions ;  only  once  after  taking  100  minims  did  he  com- 
plain of  slight  throbbing  in  the  head  and  giddiness.      On 
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another  occasion,  when  the  tension  was  at  the  lowest,  he 
broke  out  into  a  profuse  perspiration.  After  the  smaller 
doses  he  felt  no  effects. 

The  tracings  (Figs  15 — 18)  were  taken  from  the  pulse  of 
Mr.  Evans,  one  of  our  House  Physicians  at  the  Manchester 
Royal  Infirmary,  after  the  administration  of  100  minims 
of  spiritus  setheris  nitrosi.  I  may  say  that  the  clockwork 
of  the  instrument  used  has  a  quicker  rate  of  speed  than 
that  employed  in  the  case  of  V.  C. 

Save  for  slight  eructations  of  nitrous  gas  Mr.  Evans 
says  he  felt  no  results  from  the  dose  he  took.  As  a  rule, 
indeed,  the  administration  of  3j.  to  3iss.  of  spirit  of  nitrous 
ether  is  not  followed  by  any  distinct  alterations  in  the 
feelings  indicative  of  the  effect  on  the  pulse  which  is  in- 
variably produced.  This  absence  of  subjective  symptoms, 
when  the  circulation  is  so  evidently  influenced,  is  worthy 
of  note. 

Sometimes,  however,  a  full  dose  of  the  spirit  causes  a 
slight  feeling  of  faintness  and  depression.  I  have  myself 
experienced  this,  and  can  call  to  mind  instances  in  which 
patients  have  complained  of  similar  effects.  A  medical 
friend  of  mine  informs  me  that  even  moderate  doses 
invariably  influence  him  in  this  manner. 

The  tracings  show  that  an  increased  pulse-rate  always 
accompanies  the  decreased  tension,  but  I  have  not  yet 
satisfied  myself  as  to  the  exact  relation  between  rate  and 
tension  at  various  periods.  The  frequency  of  the  heart- 
beat appears  not  to  be  increased  so  markedly  as  by  nitrite 
of  amyl  and  nitro -glycerine ;  and  indeed  at  times,  especially 
when  small  doses  are  given,  the  accelerating  effect  is  very 
small. 

I  shall  not  here  discuss  the  precise  manner  in  which 
spirit  of  nitrous  ether  produces  its  effects  on  the  circula- 
tion. Its  action  is  evidently  analogous  to  that  of  nitrite 
of  amy],  nitro-glycerine,  and  the  other  nitrites,  and  it 
probably  influences  the  same  tissues. 

D 
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I  have  never  seen  proof  of  its  effects  on  the  central 
nervous  system  apart  from  those  dependent  on  the  circula- 
tory changes  which  it  induces.  In  large  doses  the  spirit 
with  which  the  ether  is  associated  may  lead  to  the  anti- 
spasmodic and  carminative  action  alluded  to  by  Wood 
and  Pareira;  but  the  ether  in  itself  has  probably  some 
influence,  for  there  are  indications  that  in  some  people  at 
least  it  affects  the  muscular  walls  of  the  stomach  and 
intestines.^  It  is  quite  possible,  too,  that  in  very  large 
doses  it  may  be  found  to  depress  the  motor  functions  of 
the  cord  like  amyl  nitrite. 

The  therapeutic  role  of  spirit  of  sweet  nitre  seems 
chiefly  due  to  its  influence  on  the  circulation;  and  a 
consideration  of  the  manner  in  which  this  influence  is 
exercised  will,  I  think,  enable  us  to  understand  better  than 
heretofore  its  failures  and  its  successes  as  a  remedy. 

Spiritus  setheris  nitrosi  has  chiefly  been  used  for  its 
diuretic  and  diaphoretic  properties ;  but  it  is  described  as 
a  febrifuge  by  many  writers,  and  is  a  common  ingredient 
of  fever  mixtures.  It  is  by  virtue  of  its  tension-reducing 
effect  I  think,  by  its  power  of  dilating  the  arterioles  in 
certain  parts,  that  spiritus  setheris  nitrosi  acts  as  a  diuretic. 
It  seems  probable  that  any  agent  which  increases  the 
rapidity  of  the  blood-flow  through  the  vessels  constituting 
the  Malpighian  glomerulus  is  capable  of  increasing  the 
secretion  of  water,  and  that  both  those  which  raise  arterial 
tension  and  those  which  decrease  it  may,  under  different 
conditions  of  the  circulation,  in  this  way  promote  diuresis. 
Dr.  Murrell's  experiments  with  nitro-glycerine  in  a  case 
of  epispadias  ^  distinctly  prove  that  this  drug  is  capable  of 
temporarily  increasing  the  urine  flow,  and  the  relation 
there  evidently  is  between  the  effects  on  the  circulation 
it  usually  produces  and  the  increased  secretion  of  urine 

^  Kraus  notes  colic  and  vomiting  as  present  in  a  boy  who  took  3j  of  nitrous 
ether.  Strumpf  suggests  this  was  due  to  free  nitric  acid  contained  in  the 
liquid,  but  a  colleague  of  mine  tells  me  he  always  suffers  from  colicky  pains 
if  he  takes  the  pharmacopoeial  sp.  seth.  nitrosi. 

'^  Nitro-glycerine  in  Angina  Pectoris,  p.  24. 


35 

noted  by  Dr.  Murrell  leads  me  to  the  conclusion  that  its 
diuretic  action  is  dependent  on  its  circulatory  influence. 
Nitrous  ether  closely  resembles  nitro-glycerine  in  its  phy- 
siological effects  on  the  circulation;  and  in  the  absence 
of  any  facts  tending  to  prove  that  nitrous  ether  stimulates 
the  kidney  secreting  structures  specially,  we  may  fairly 
conclude  that  the  diuretic  properties  of  sweet  spirit  of  nitre 
depend  on  its  influence  on  the  circulation. 

Now,  if  this  be  the  case,  the  failure  of  spiritus  setheris 
nitrosi  as  a  diuretic  so  often  noticed  may  be  readily  ac- 
counted for.  Christison  and  many  other  writers  speak  of 
the  frequency  with  which  the  drug  disappoints  our  expec- 
tations when  given  as  a  diuretic ;  but  since  it  is  probable 
that  it  only  acts  if  decrease  of  tension  is  necessary  for 
diuresis,  we  cannot  wonder  that  the  expected  result  is  often 
wanting.  In  cardiac  dropsy,  for  example,  the  indications 
for  spiritus  setheris  nitrosi  will  rarely  be  present,  and  it 
is  in  cardiac  dropsy  that  its  failure  to  produce  increased 
secretion  has  been  specially  complained  of.  Many  years 
ago  I  noticed  that  spiritus  setheris  nitrosi  was  especially 
useful  as  a  diuretic  in  elderly  people,  with  whom  indeed 
it  is  the  most  popular  domestic  remedy  for  defective  urinary 
secretion.  It  seems  probable  that  its  value  in  such  cases 
may  be  connected  with  the  increased  tension  which  not 
unfrequently  results  from  tissue  changes.  The  short 
duration  of  the  action  of  nitrous  ether  on  the  circulation, 
as  compared  with  digitalis,  will  explain  the  want  of  per- 
manence of  its  effects  as  a  diuretic,  even  when  it  promotes 
excretion  of  water. 

The  diaphoretic  influence  of  sweet  spirit  of  nitre  may 
be  explained,  like  its  diuretic  influence,  by  its  effects  on 
the  circulation.  Under  certain  conditions  the  dilatation  of 
the  cutaneous  vessels  to  which  it  gives  rise  is  followed  by 
perspiration,  but  since  that  dilatation  is  only  one!  factor  in 
the  production  of  perspiration,  the  diaphoretic  effects  do  not 
always  follow  the  exhibition  of  the  spirit.     The  connection 
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between  its  influence  on  tension  and  its  diaphoretic  effect 
may  enable  us  to  judge  of  the  probability  of  its  usefulness 
as  a  diaphoretic  in  individual  cases. 

The  tracings  I  have  given  explain  the  stimulant  effect 
on  the  heart  mentioned  by  W.  G.  Smith,^  and  its  action  as 
a  diffusible  stimulant  which  Stille  alludes  to.  It  is  evident 
that  it  may  cause  a  tense  small  pulse  to  become  fuller  and 
stronger  to  the  feel,  and  quicker.  The  heart's  beat,  too, 
may  become  perceptible  to  the  patient  under  the  influence 
of  the  ether,  as  it  often  does  after  the  exhibition  of  amyl 
nitrite,  nitro  -  glycerine,  and  the  nitrites.  The  change 
which  it  effects  in  the  circulation  may  also  account  for  its 
utility  in  certain  nervous  symptoms  in  children  to  which 
Wood  calls  attention,  and  for  its  grateful  stimulating  effect 
in  irritable  conditions  to  which  Smith  refers. 

With  regard  to  the  febrifuge  action  for  which  it  is 
largely  administered,  there  seems  little  doubt  that  this  is 
also  connected  with  the  effect  it  has  in  dilating  the 
cutaneous  vessels  and  thus  exposing  a  larger  amount  of 
blood  to  the  air.  It  may,  however,  be  connected  with  some 
direct  influence  of  the  drug  on  the  tissues ;  for  Wood  has 
noticed  that  the  fall  of  temperature  which  in  animals 
follows  on  the  exhibition  of  nitrite  of  amyl  is  accompanied 
by  diminished  excretion  of  CO2. 

I  have  not  yet  had  the  opportunity  of  trying  spiritus 
setheris  nitrosi  in  angina  pectoris.  That  it  will  be  useful  Dr. 
Hay's  observations  show,  since  he  found  its  essential  consti- 
tuent, nitrite  of  ethyl,  effectual  in  averting  the  attacks.  It 
seems  probable  that  it  will  not  replace  nitrite  of  soda  or 
nitro-glycerine  as  a  preventive  of  anginal  attacks,  yet  it  is 
worthy  of  trial.  Wherever  indeed  nitrite  of  amyl  or  soda,  or 
nitro-glycerine  can  be  used  beneficially,  there  we  may  find 
place  for  the  use  of  nitrous  ether.  Asthma,  some  forms  of 
headache,  and  certain  disorders  of  menstruation  have  been 
benefited  by  nitro-glycerine.  May  it  not  be  that  in  some 
^  Commentary  on  the  Pharmacopoeia,  p.  646. 
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of  these  ailments  we  shall  find  the  exhibition  of  pure  spirit 
of  nitre  also  beneficial;  that  our  failures  with  it  have 
arisen  partly  from  the  administration  of  an  impure  spirit^ 
partly  from  want  of  knowledge  as  to  the  physiological 
effects  on  which  its  therapeutic  uses  depend ;  and  that  the 
use  of  the  genuine  drug  in  proper  cases  may  show  us  that 
the  popular  belief  in  the  wide  efficacy  of  sweet  spirit  of 
nitre  is  founded  on  fact? 
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NITEITE    OF    ETHYL. 

1888. 


The  extensive  literature  whicli  lias  appeared  during  the 
past  ten  years  bearing  on  the  therapeutic  uses  of  the  nitrites, 
points  to  increasing  appreciation  of  their  value,  but  nitrite 
of  ethyl,  which  has  been  longest  before  the  medical  pro- 
fession, has  so  far  received  but  scant  attention.  The  varying 
character  of  the  official  preparation  sold  as  spiritus  setheris 
nitrosi,  has  doubtless  been  the  chief  cause  for  this  neglect. 

The  older  processes  recommended  for  the  preparation  of 
this  spirit,  did  not  lead  to  a  product  of  uniform  composition, 
and  the  methods  devised  for  determining  the  amount  of 
nitrite  of  ethyl  in  any  sample  have  been  either  very 
unreliable  or  so  intricate  that  they  could  only  be  employed 
by  those  constantly  engaged  in  chemical  manipulation. 

Of  late  years,  however,  much  attention  has  been  devoted 
by  pharmacists  to  spirit  of  nitrous  ether.  A  better  method 
for  its  production  has  been  introducd,  and  its  assay  has  been 
rendered  easy  by  the  methods  for  its  analysis  invented  by 
Eykman  of  Tokio,  Allen  of  Sheffield,  and  others.  But  it 
has  been  found  that  however  well  m.ade  spirit  of  nitrous 
ether  may  be,  it  tends  rapidly  to  lose  its  ethyl  nitrite  if 
dispensed  in  the  ordinary  way,  and  pharmaceutical  chemists 
have  sought  to  devise  preparations  better  adapted  for  retain- 
ing a  definite  strength  of  the  ethyl  salt  than  the  ordinary 
spirit  of  nitre. 

About  two  years  ago  Williams  showed  that  glycerine 
tends  to  prevent  the  loss  of  nitrite  of  ethyl  from  its  solution 
in  alcohol ;  and  last  April  Dunstan  and  Dymond  proposed 
a  new  method  of  making  ethyl  nitrite,  and  suggested  a 
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preparation  which  might  be  employed  medicinally.  It 
consists  of  a  dilute  solution  of  nitrite  of  ethyl  in  absolute 
alcohol,  or  in  absolute  alcohol  containing  five  per  cent,  of 
glycerine,  and  analyses  were  given  showing  that  thus  dis- 
solved the  ethyl  nitrite  solution  may  be  long  kept  without 
important  change. 

I  have  recently  made  trial  of  two  solutions  of  this  kind 
which  Professor  Dunstan  has  been  good  enough  to  forward 
me — one  contained  a  little  under  two  per  cent.,  and  the 
other  about  three  per  cent,  of  nitrite  of  ethyl,  and  from  the 
results  obtained  I  am  satisfied  that  the  introduction  of  such 
a  solution  into  general  use  would  prove  very  advantageous. 

For  nitrite  of  ethyl  has  pharmacological  properties 
which  render  it  in  fitting  cases  of  the  highest  therapeutic 
value.  Like  other  nitrites,  it  causes  dilatation  of  the  vessels, 
and  markedly  decreases  arterial  tension.  It  not  only 
relaxes  the  muscles  of  the  arterioles,  but  also,  as  Professor 
Fraser  has  shown,  of  those  of  the  smaller  bronchial  tubes ; 
thus  dilating  bronchial  tubes  unduly  narrowed  by  spasmodic 
contraction  of  their  muscles. 

An  important  point  to  bear  in  mind  with  regard  to  the 
action  of  nitrite  of  ethyl  is  the  fact  that  its  influence  is  not 
by  any  means  as  rapid  as  that  of  nitrite  of  amyl  when 
administered  by  inhalation,  and  several  minutes  elapse 
before  its  action  on  the  vessels  is  distinctly  perceptible. 
Marked  tension  fall,  indeed,  is  usually  only  observed  from 
five  to  fifteen  minutes  after  the  administration  of  an 
ordinary  dose,  though  the  drug  doubtless  exerts  some 
influence  within  a  much  shorter  period,  and  its  effect  on  the 
bronchial  muscles  sometimes  becomes  perceptible  in  less 
than  a  minute.  Its  physiological  influence  is  often  distinct 
for  half  an  hour  to  an  hour,  and  may  at  times  be  traced  for  a 
much  longer  period.  In  this  respect  ethyl  nitrite  resembles 
nitro-glycerine,  and  differs  from  nitrite  of  amyl,  the  action 
of  which,  at  least  when  inhaled,  rarely  lasts  more  than  two 
or  three  minutes. 
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The  dose  required  to  produce  the  physiological  effects  is 
very  small.  Half  a  drachm  of  a  3  per  cent,  solution  will 
usually  produce  dilatation  of  the  vessels,  which  may  be 
distinctly  shown  by  the  lowered  tension  of  the  pulse.  A 
much  smaller  amount  will  sometimes  suffice  for  this  effect, 
and  I  have  not  met  with  anyone  whose  circulation  was  not 
affected  by  a  drachm. 

Turning  now  to  the  therapeutic  uses  of  the  solution  of 
nitrite  of  ethyl,  I  may  say  that  as  a  diuretic  and  diaphoretic 
it  is,  like  other  nitrites,  inconstant  in  action.  No  proof  has 
yet  been  offered  that  these  bodies  directly  stimulate  the 
glandular  secreting  structures.  When  they  produce  any 
effect  it  is  by  their  power  of  dilating  the  vessels.  In  the 
kidney  the  blood-flow  through  the  glomerular  vessels  is  thus 
rendered  more  rapid,  hence  the  watery  excretion  is  at  times 
augmented.  The  skin  secretion  is  probably  under  certain 
conditions  increased  by  the  additional  blood  supply  to  the 
tissues  amongst  which  the  sudoriparous  glands  lie.  The 
effect  of  the  drug  will  doubtless  vary  with  the  condition  of 
the  circulation  at  the  time  of  administration.  It  is  certainly 
not  a  reliable  diuretic,  for  doses  of  half  a  drachm  to  one 
drachm  of  3  per  cent,  solution  often  fail  to  affect  the  urine 
secretion.  On  the  other  hand,  I  have  seen  an  increase  both 
in  renal  and  cardiac  disease  after  its  use,  and  it  is  worthy 
of  trial,  especially  in  the  elderly,  or  where  the  tension  is 
high.  In  the  healthy  the  diaphoretic  action  is  not  often 
observed,  but  under  some  conditions  it  produces  an  increased 
action  of  the  skin,  and  it  will  probably  be  found  of  use  in 
catarrhal  conditions.  I  can  certainly  bear  personal  testi- 
mony to  the  diaphoretic  influence  produced  on  me  by 
drachm  doses  of  a  3  per  cent,  solution  during  an  attack  of 
febrile  catarrh. 

In  the  treatment  of  ailments  connected  with  high 
tension,  ethyl  nitrite  solution  is  of  great  value.  I  have 
found  it  prevent  the  advent  of  anginal  attacks,  just  as  nitro- 
glycerine does,  but  like  nitro-glycerine,  it  is  not  of  service 
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in  removing  at  once  anginal  pain.  For  this  purpose  its 
action  is  too  slow.  In  cases  of  dyspnoea  where  with  high 
tension  the  heart's  power  is  beginning  to  fail,  nitrite  of 
ethyl  often  acts  like  a  charm,  and  this  is  especially  the 
case  if,  as  not  unfreqnently  happens,  bronchial  spasm 
complicates  the  cardiac  condition.  Not  only  is  breathing 
relieved,  but  the  pulse  becomes  fuller  and  altogether  of 
better  character.  Like  nitro-glycerine,  it  sometimes  seems 
to  act  as  a  cardiac  stimulant,  but  this  effect  may  only  be 
due  to  the  relief  afforded  to  the  heart  by  the  dilatation  of 
the  vessels.  Wherever  with  fair  tension  the  heart's  power 
is  weak  and  dyspnoea  is  present,  the  administration  of  30 
to  90  minims  of  a  3  per  cent,  solution  of  nitrite  of  ethyl  is 
tvorthy  of  a  trial.  But  it  is  perhaps  in  asthmatic  and 
bronchitic  affections  that  the  nitrite  will  be  found  of  the 
most  marked  benefit.  Professor  Eraser,  in  a  recent  paper 
{Trans.  Ed,  Med,  Chir,  Soc,  vol.  YI.),  has  given  cases 
illustrating  the  use  of  the  various  nitrites  in  these  ailments, 
and  my  experience  with  nitrite  of  ethyl  entirely  accords 
with  the  results  he  obtained. 

In  genuine  asthma  I  have  so  far  had  no  opportunity  of 
trying  it,  but  in  that  form  which  so  often  complicates 
bronchitis  I  have  usually  found  50  to  90  minims  of  a  3  per 
cent,  solution  of  nitrite  of  ethyl  give  more  or  less  relief. 
The  direct  effect  of  the  drug  lasts  from  30  to  90  minutes,  or 
longer,  and  even  when  this  must  have  ceased  the  spasmodic 
trouble  does  not  always  return.  The  utility  of  nitrite  of 
ethyl  may  be  illustrated  by  the  loUowing  case  :  — 

F.  R.,  aged  30,  who  has  before  suffered  from  bronchitis, 
was  exposed  to  cold  on  the  18th  of  October,  and  on  the  same 
evening  felt  feverish,  with  some  '^  tightness  of  the  chest  and 
wheezing,"  which  prevented  much  sleep.  She  took  an 
expectorant,  and  during  the  following  day  seemed  somewhat 
better,  but  at  night  I  found  her  with  a  temperature  of  100°, 
and  breathing  with  much  difficulty.  Sibilant  rhonchi  could 
be  heard  all  over  the  chest.     In  previous  attacks  all  forms 
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of  expectorants,  and  even  emetics  had  failed  to  relieve 
quickly,  and  inhalations  had  not  proved  of  much  service.  I 
gave  her  60  minims  of  the  3  per  cent,  solution  of  nitrous 
ethyl.  In  a  few  minutes  she  was  easier,  and  next  morning 
she  informed  me  that  within  twenty  minutes  she  was  quite 
relieved  and  began  to  perspire.  After  this  she  soon  slept, 
and  during  the  night  had  no  further  trouble.  On  two 
subsequent  nights  slighter  attacks  of  the  same  kind  came 
on,  but  were  at  once  removed  by  the  solution.  Other 
remedies  will  undoubtedly  sometimes  produce  a  similar 
effect,  but  so  far  I  have  met  with  none  so  constantly 
effectual. 

In  capillary  bronchitis  I  have  not  tried  the  drug,  nor 
have  I  used  it  where  moist  rhonchi  predominate,  but 
wherever  there  is  reason  to  believe  that  undue  contraction 
of  the  involuntary  fibre  surrounding  the  bronchi  adds  to 
the  dyspnoea,  I  believe  nitrite  of  ethyl  may  be  tried  with  a 
good  hope  of  at  least  temporary  relief.  It  is  quite  possible 
that  in  afiections  due  to  spasm  of  the  involuntary  fibres  of 
other  organs,  as  for  example,  the  stomach,  it  might  be  found 
beneficial. 

The  solution  of  ethyl  nitrite  in  alcohol  possesses  two 
advantages  over  spiritus  setheris  nitrosi ;  it  is  more  stable 
and  less  disagreeable.  Mr.  Elborne  kindly  estimated,  from 
time  to  time,  the  amount  of  nitrite  present  in  the  prepara- 
tions used  by  me,  and  the  loss  of  nitrite  was  certainly  very 
slight,  though  no  special  care  was  taken  to  prevent  the 
escape  of  the  nitrite.  A  four  ounce  bottle,  of  a  2*7  per  cent, 
solution,  lost  0*4  of  this  per  centage  during  its  use  in  six 
weeks,  and  from  a  weaker,  but  better  prepared  solution,  the 
loss  during  a  longer  time  was  much  less.  The  advantage 
which  the  solution  possesses  over  ordinary  spirit  of  nitre, 
as  regards  taste,  depends  on  the  absence  of  aldehyde  and 
other  products  of  the  complex  chemical  changes  which  take 
place  during  the  formation  of  the  spirit  of  nitrous  ether. 

The  question,  however,  arises  :  Does  the  presence  of  these 
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products  give  any  therapeutic  power  to  the  spirit  of  nitrous 
ether  which  is  not  possessed  by  a  simple  solution  of  nitrite 
of  ethyl  in  alcohol?  I  am  satisfied  it  does  not.  There  is 
no  reason  for  believing  that  any  of  them  can  so  contribute. 
The  physiological  action  of  aldehyde  is  not  well  known,  but 
it  seems  to  possess  no  properties  calculated  to  increase  the 
efficacy  of  the  nitrite,  and  we  have  no  reason  for  believing 
the  other  substances,  traces  of  which  have  been  found  in 
spirit  of  nitre,  in  any  way  influence  its  therapeutic  action. 
Then,  again,  every  effect  which  spiritus  setheris  nitrosi 
produces  can  be  explained  by  the  physiological  effects  of 
ethyl  nitrite  apart  from  any  of  these  agents,  and  the 
therapeutic  action  of  a  simple  solution  of  nitrite  of  ethyl 
in  alcohol,  and  of  the  ordinary  spiritus  setheris  nitrosi  arc 
practically  identical.  Both  are  inconstant  diuretics  and 
diaphoretics.  The  spirit,  indeed,  is  so  inconstant  that  it  is 
rarely  relied  on  alone,  but  almost  always,  by  medical  men 
at  least,  it  is  given  in  conjunction  with  other  agents  having 
a  like  action. 

In  a  former  paper,^  I  have  shown  the  marked  effect  of 
spirit  of  nitrous  ether,  when  properly  prepared,  on  the 
circulation,  and  it  would  ere  this  have  played  a  more  definite 
role  in  the  therapeutics  of  the  circulatory  organs,  had  its 
composition  been  more  constant.  Probably,  indeed,  it  is 
to  the  effect  which  the  nitrite  of  ethyl  contained  in  the 
spirit  as  ordinarily  supplied  has  on  the  circulation  that  the 
popularity  of  "  sweet  nitre,"  both  with  the  public  and  the 
profession,  is  largely  due,  for  a  very  small  quantity  of  the 
nitrite  may  somewhat  lighten  the  load  a  heart  has  to  bear, 
and  cause  a  feeling  of  comfort  without  producing  any  other 
perceptible  effect. 

The  influence  now  claimed  for  nitrite  of  ethyl  over  the 
respiratory  organs  is  greater  than  that  which  has  generally 
been  accorded  to  the  Pharmacopoeial  preparation,  yet  it 
must  be  remembered  that  spirit  of  nitre  has  been  for  ages  a 

'  P.  29,  also  *' Practitioner,"  Oct.,  1883. 
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favourite  remedy  in  bronchial  catarrh,  though  the  cause  of 
its  utility  was  not  known.  And  doubtless  the  good  effects 
produced  in  bronchitis  would  have  been  more  noticed,  had 
the  preparation  employed  contained  a  due  amount  of  nitrite. 
A  preparation  in  which  there  is  less  than  2  per  cent,  of 
the  ethyl  salt  is  not  likely  to  influence  the  bronchial 
muscles  unless  employed  in  larger  doses  than  are  usually 
administered,  but  the  greater  part  of  the  spirit  of  nitre  given 
has  always  contained  much  less  than  this.  In  our  present 
hospital  compound  for  example,  I  found  only  0*3  per  cent. 

It  is,  indeed,  perhaps  well  that  the  nitrous  ether  com- 
monly sold  contains  only  a  small  quantity  of  its  active 
ingredient,  for  large  doses  of  the  nitrite  of  ethyl  may  so 
influence  the  circulation  as  to  cause  faintness  either  by  too 
rapidly  reducing  the  resistance  against  which  the  heart  has 
to  contract,  or  by  acting  directly  on  this  organ.  This  effect 
I  have  seen  produced  by  100  minims  of  good  spirit  of 
nitrous  ether,  and  the  same  result  occurred  to  myself  after 
taking  25  minims  of  a  25  per  cent,  solution.  It  would 
perhaps  therefore  lead  to  trouble  sometimes  if  spirit  of 
nitre,  as  supplied  to  the  public,  did  always  contain  its  due 
amount  of  nitrite. 

For  the  due  therapeutic  use  of  nitrite  of  ethyl  it  is  most 
important  that  medical  men  should  know  the  strength  of 
the  solution  they  give,  for  it  is  often  necessary  to  accommo- 
date the  dose  to  the  peculiarities  of  the  patient.  Some  are 
very  susceptible  to  the  action  of  the  drug.  I  have  known 
less  than  a  drachm  of  a  2  per  cent,  solution  produce  the 
throbbing  in  the  head  characteristic  of  the  nitrites,  whilst 
others  will  take  three  times  the  dose  without  suffering  from 
any  subjective  discomforts.  The  effect  of  the  drug  in 
disease  will  largely  depend  on  the  dose  given.  Hence,  if 
it  is  to  be  used  effectively,  we  must  be  supplied  with  a 
solution  of  definite  strength,  which  can  be  readily  analysed 
and  readily  kept  up  to  a  definite  standard.  Such  a  solution 
as  that  suggested  by  Dunstan  and  Dymond  seems  to  fulfil 
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tlie  conditions  required,  and  might  be  introduced  into  tlie 
Pharamcopoeia  as  "  Solution  of  Nitrous  Ether/'  or  ^^  Solu- 
tion of  Ethyl  Nitrite."  The  spirit  might  then  be  relegated 
to  the  use  of  the  public.  As  ordinarily  supplied  it  could  do 
no  harm,  and  it  might  sometimes  do  good.  One  point, 
however,  will  have  to  be  borne  in  mind.  Solution  of  nitrite 
of  ethyl  decomposes  quickly  when  in  contact  with  water. 
To  obtain  reliable  results  from  it,  therefore,  it  should  not 
be  dispensed  mixed  with  water,  but  separately ;  the  requisite 
dose  being  measured  out  and  added  to  water  immediately 
before  administration. 
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COMPARATIVE  EFFECTS  OF  SPIRITUS  ^THERIS 
NITROSI  AND  SOLUTION  OF  NITRITE  OF  ETHYL. 

1888. 

In  tlie  Practitioner  for  October,  1883,  I  pointed  out  that 
spiritus  ^theris  nitrosi  answering  to  the  tests  in  the  British 
Pharmacopoeia  has  a  distinct  influence  on  the  circulation, 
and  suggested  that  the  therapeutic  value  of  the  drug  was 
chiefly  due  to  this  effect,  which  is  manifestly  dependent  on 
the  nitrite  of  ethyl  contained  in  the  spirit.  The  question 
of  the  practical  identity  of  the  action  of  spirit  of  nitrous 
ether  and  solution  of  nitrite  of  ethyl  has  not  yet  been 
definitively  settled,  and  as  it  is  one  which  in  recent  years 
has  specially  interested  pharmacists,  I  am  glad  to  take  this 
opportunity  of  setting  forth  the  conclusions  I  have  arrived 
at. 

Pharmacological  considerations  certainly  render  such 
identity  probable.  Of  the  various  substances  present  in 
the  spirit  in  addition  to  nitrite  of  ethyl  and  alcohol,  aldehyde 
is  perhaps  the  most  abundant.  But  aldehyde  has  no  pro- 
perties w^hich  lead  us  to  suspect  that  it  has  any  influence  on 
the  physiological  action  of  the  spirit.  It  does  not  appear  to 
interfere  with  the  circulation  when  given  in  quantities  much 
larger  than  are  contained  in  medicinal  doses  of  spiritus 
setheris  nitrosi,  for  I  have  watched  the  effects  of  20  minims 
on  myself  and  others,  and  have  failed  to  find  the  slightest 
change  produced  on  the  pulse.  Large  and  even  small 
doses  sometimes  irritate  the  stomach,  and  in  considerable 
quantities  it  causes  in  animals  a  comatose  condition  and 
likewise  arrests  respiration,  but  there  are  no  reasons  for 
believing  that  the  amount  contained  in  spirit  of  nitrous 
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ether  ever  gives  rise  to  an  appreciable  physiological  effect. 
Paraldehyde,  too,  which  may  be  contained  in  spiritus 
setheris  nitrosi,  though  reducing  pulse  tension  in  doses  of  50 
minims  and  upwards,  and  acting  as  a  sedative  in  smaller 
doses,  is  not  present  in  sufficient  quantity  to  materially 
influence  the  action  of  the  spirit,  nor  is  there  reason  for 
believing  that  any  one  of  the  other  oxidation  products  can 
by  itself  produce  a  definite  effect  when  taken  in  minute 
quantities. 

But  though  no  single  constituent  of  spiritus  setheris 
nitrosi,  apart  from  the  alcohol  and  the  ether,  either  adds  to 
or  alters  its  physiological  or  therapeutic  action,  yet  these 
constituents  combined  might  have  a  distinct  effect.  To 
determine  whether  this  is  so  or  not  I  have  made  some 
experiments  as  to  the  comparative  influence  of  spiritus 
setheris  nitrosi,  answering  to  the  tests  of  the  British  Phar- 
macopoeia, and  a  2*25  to  2*7  per  cent,  solution  of  nitrite  of 
ethyl  in  absolute  alcohol  containing  5  per  cent,  of  glycerine, 
kindly  supplied  to  me  by  Professor  Dunstan,  Director  of 
the  Research  Laboratory  of  this  ^  Society.  Both  dilate  the 
vessels  and  decrease  tension,  and  both  remove  undue  con- 
traction of  the  muscular  coats  of  the  bronchial  tubes,  but 
neither  the  spirit  nor  the  solution  have  any  powerful  and 
constant  influence  on  the  skin  or  kidneys.  I  have  given 
them  repeatedly  in  doses  of  a  drachm  to  two  drachms  to 
healthy  people  without  noting  any  increased  action  on  the 
skin,  but  if  the  subject  of  experiment  be  kept  in  bed  and 
somewhat  more  warmlv  covered  than  usual,  one,  or 
more  frequently  two  doses  of  either  commonly  produce 
perspiration.  I  have  not,  however,  been  able  to  discover 
any  difference  between  the  activitj^  of  the  spirit  and  that 
of  the  solution,  nor  do  they  differ,  as  far  as  I  can  ascertain, 
in  their  action  on  the  kidneys.  At  times,  after  both,  a 
slight  increase  in  the  urine  flow  seems  to  occur,  but  more 
frequently  no  changes  are  observed. 

^  Pharmaceutical  Society. 
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It  is  more  difficult  to  compare  the  therapeutic  uses  than 
the  physiological  effects  of  two  preparations.  Spirit  of 
nitre  has  long  been  a  popular  remedy  for  causing  the 
increase  of  the  urine  flow  and  perspiration,  but  chiefly  in 
those  ailments  where  such  increases  occur  naturally  at 
a  certain  stage  of  the  ailment,  as,  for  example,  in  feverish 
colds.  I  believe  it  certainly  does  hasten  a  critical  perspira- 
tion by  increasing  the  blood  flow  through  the  skin,  so,  too, 
does  the  solution  of  ethyl  nitrite,  but  I  can  find  no  ground 
for  believing  that  one  is  more  effectual  than  the  other.  As 
diuretics,  both  spirit  and  solution  have  seemed  to  me  even 
less  reliable  than  as  diaphoretics,  hence  comparison  is 
difficult,  but  so  far  I  have  been  unable  to  detect  any 
difference  in  the  power  of  the  two  preparations. 

In  ailments  connected  with  narrowing  of  the  arterioles, 
and  in  difficulty  of  breathing  due  to  contraction  of  the 
muscles  of  the  small  bronchial  tubes,  the  spirit  and  the 
solution  are  of  great,  and  I  think  of  equal,  value  ;  they  tend 
to  prevent  the  advent  of  attacks  of  angina  pectoris,  and  by 
dilating  the  arterioles,  they  relieve  an  overloaded  heart. 
The  popularity  of  spirit  of  nitre  as  a  medicine  depends,  it 
seems  to  me,  largely  on  this  latter  effect ;  even  a  very  small 
dose  of  nitrite  of  ethyl  will  thus  remove  discomfort. 

In  difficulty  of  breathing,  due  to  contraction  of  the 
smaller  bronchial  tubes,  the  administration  of  a  drachm  to 
a  drachm  and  a  half  of  spirit  of  proper  strength  often  gives 
great  relief ;  so,  too,  does  solution  containing  an  equivalent 
amount  of  nitrite  of  ethyl ;  but  a  spirit  poor  in  nitrite  will 
often  fail  to  do  any  good.  I  found  our  hospital  preparation 
ineffectual  in  such  cases,  and  then  ascertained  that  the 
percentage  of  ethyl  nitrite,  though  doubtless  sufficient  at 
first,  had  fallen  to  '3  per  cent.,  the  spirit  having  been  in 
stock  six  months. 

I  need  not  allude  in  detail  to  the  less  important  pro- 
perties of  the  spirit  and  solution  of  nitrous  ether.  I  have 
found  no  evidence  that  the  two  preparations  differ  at  all  in. 
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their  therapeutic  effects,  provided  the  doses  given  contain 
an  equivalent  amount  of  nitrite  of  ethyl,  and  I  am  satisfied 
that  a  solution  such  as  I  have  used  will  answer  every  medical 
purpose  served  by  spiritus  setheris  nitrosi. 

The  variations  in  the  strength  of  the  spirit  used  in  time 
past  has  prevented  due  appreciation  of  one  of  its  most  useful 
properties,  that  of  relieving  certain  forms  of  difficulty  of 
breathing,  and  it  is  manifest  that  in  order  to  get  from  nitrite 
of  ethyl  the  results  desired,  it  is  essential  that  medical  men 
should  be  supplied  with  a  solution  which  can  be  always 
relied  on  to  contain  a  known  quantity.  For  another  reason, 
too,  it  is  most  desirable  that  they  should  be  able  to  know 
exactly  the  amount  of  the  ethyl  compound  contained  in  the 
preparation  they  give.  Experience  has  shown  that  suscepti- 
bility to  the  nitrites  differs  greatly;  symptoms  such  as 
throbbing  headache  and  other  troubles  are  in  some  produced 
even  by  small  doses,  whilst  others  can  take  comparatively 
large  quantities  without  noticing  any  subjective  symptoms. 
In  giving  nitrite  of  ethyl,  the  possibility  of  such  varia- 
tions has  to  be  taken  into  account,  and  the  dose  has  to  be 
graduated  to  the  patient  as  well  as  to  his  ailment,  for  a 
dose  which  proves  curative  in  one  case,  will  in  another 
entirely  fail  to  give  relief,  owing  to  difference  in  suscepti- 
bility. Such  graduation  is  of  course  impossible,  unless  we 
are  supplied  with  a  preparation  of  fairly  constant  strength. 

Fortunately  nitrites,  even  when  given  in  excessive 
amounts,  hardly  ever  give  rise  to  serious  troubles,  but  the 
faintness  and  uncomfortable  sensations  I  once  experienced 
after  a  small  quantity  of  a  25  per  cent,  solution  would  make 
me  cautious  about  giving  a  dose  which  might  be  excessive 
in  relation  to  the  patient.  I  have  seen,  too,  90  minims  of  a 
spirit  of  full  strength  cause  slight  faintness,  and  it  seems 
to  me  a  solution  of  definite  strength  is  necessary  for  the  sake 
of  safety  when  full  doses  are  given. 

The  solution  in  alcohol  and  glycerine  suggested  by 
Professor  Dunstan  and  Mr.  Dymond,  last  April,  seems  very 
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well  adapted  for  the  administration  of  nitrite  of  ettyl,  and 
from  occasional  examinations  made  of  the  strength  of 
specimens  in  use,  I  can  confirm  Professor  Dunstan's  state- 
ment as  to  its  stability.  The  large  amount  of  alcohol  which 
is  required  to  administer  such  a  dose  as  two  minims  of  the 
nitrite  seems  to  me  its  only  drawback ;  but  the  combination 
of  the  nitrite  and  alcohol  is  in  itself,  I  think,  useful,  and  if 
alcohol  be  not  desirable,  a  nitrite  soluble  in  water  may  be 
given  in  place  of  the  ethyl  compound,  since  all  nitrites  have 
a  similar  influence. 

I  believe,  then,  that  the  introduction  of  a  fairly  stable 
solution  of  ethyl  nitrite  is  now  called  for,  and  that  the  time- 
honoured  spiritus  setheris  nitrosi  should  disappear  from  the 
list  of  official  remedies,  since  on  account  of  its  ready  decom- 
position it  is  not  adapted  for  administering  the  nitrite  in 
definite  doses.  Should,  however,  there  be  any  who  find,  or 
think  they  find,  an  advantage  in  the  spirit,  and  both  be 
included  in  the  Pharmacop^eia_it^ems  to  me  the  present 
test  of  purity  of  the  js^sSQ^t^^oiild  di^ip^  For  then 

the  ethyl  nitrite  ^&«M  haf3Iy^T)e  con^dflired  the  cause  of 
this  advantage,  ap^thijBjb^jn,g^ait-,^ouldlnot  be  necessary 
to  ask  that  it  shiujl^  contain  a  definite^' percentage  of  the 
nitrite.  Certainl^S^  sweet~fl]Sfe  "  ^ho;wld  not  be  required 
to  contain  as  much  a^'''S-4a:3L4)er  cent,  of  ethyl  nitrite.  I 
cannot  help  thinking  that  had  it  been  easy  to  maintain  so 
high  a  standard  we  should  have  heard  of  more  evils  arising 
from  the  popular  use  of  this  drug  than  we  have  done. 
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ON   THE 

DURATION  OF   THE  ACTION   OF   MEDICINES, 

WITH    ESPECIAL    REi^'ERENCE   TO 

THE   NITRITES    AND    NITRO-GLYCERINE. 

1885. 

In  the  treatment  of  disease  by  medicines,  we  have  to  deter- 
mine the  frequency  with  which  a  drug  must  be  given,  as 
well  as  the  quantity  in  which  it  should  be  administered. 
Experience  doubtless  aids  us  in  deciding  as  to  the  periods 
which  should  intervene  between  successive  doses  of  medi- 
cines ;  but  I  believe  most  practitioners  will  agree  with  me 
that,  in  a  large  majority  of  cases,  the  frequency  of  repetition 
is,  to  a  great  extent,  a  matter  of  routine.      The  custom  of 
administering  medicines  at  regular  intervals  of  three  or 
four  hours — a  little  oftener  when  the  case  is  severe,  at  longer 
intervals  as  it  becomes  milder — has  come  down  to  us  from  a 
time  when  the  knowledge,  both  of  disease  and  of  drugs, 
was  less  advanced  than  it  is  now.      Disease  was  formerly 
looked  upon  as  an  enemy  to  be  attacked  and  routed  by 
medicine ;   if  the  enemy  were  in  strong  force,  it  was  con- 
sidered desirable  that  a  strong  fire  should  be  maintained 
at  short  intervals.     If  he  showed  signs  of  retiring,  the  fire 
was  slackened  in  its  severity,  in  its  frequency,  or  in  both. 
The  exact  manner  in  which  medicines  effected  the  cure 
of  disease  was  either  not  considered  at  all,  or  was  the  subject 
of  vague  speculation.     But,  at  the  present  time,  one  of  the 
leading  objects  of  the  therapeutist  is  to  alter  the  functions 
of  certain  tissues  or  organs,  temporarily  or  permanently. 
Sometimes  we  aim  at  restoring  the  normal  functions  of 
parts,  sometimes  we  desire  to  modify  functions  for  a  time, 
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and  thus  neutralise  evils  arising  from  a  disordered  condition, 
of  other  parts  on  which  we  cannot  act.  But  whether  our 
purpose  be  to  restore  or  modify,  we  know  it  can  rarely  be 
attained  except  by  acting  on  the  tissues  or  organs  we  wish 
to  influence,  with  a  certain  degree  of  continuity ;  and  we 
should  endeavour,  therefore,  to  repeat  our  medicines  in 
such  doses,  and  at  such  intervals,  that  the  continuity  of 
action  we  desire  may  be  attained. 

If  this  be  so,  it  is  manifest  that  our  knowledge  of  the 
length  of  time  during  which  a  medicine  can  be  counted  on 
to  act  on  any  organ,  ought  to  play  an  important  part  in  our 
decision  as  to  its  repetition.  Unfortunately,  our  informa- 
tion as  to  the  duration  of  action  of  some  drugs  is  very 
limited,  and  the  causes  which  lead  to  variations  in  duration 
are  only  obscurely  known  to  us.  I  believe,  however,  that 
further  investigations  may  furnish  us  with  additional  know- 
ledge on  these  points  which  will  render  our  therapeutic 
proceedings  more  exact,  and  in  this  way  add  to  our  power 
of  combating  disease. 

Now,  first  of  all,  the  question  may  be  raised,  does  our 
present  knowledge  support  the  view  that  medicines  act 
during  definite  periods ;  that  is,  can  we  rely  on  a  given  dose 
of  a  drug  influencing  the  organ  upon  which  it  acts  for  the 
same  space  of  time  in  different  individuals,  or  on  the  same 
individual  at  different  times  ? 

It  must  be  confessed  that  some  of  our  experiences  seem 
at  flrst  sight  to  give  a  negative  answer.  We  know  that  if 
a  number  of  persons  take  a  poison  together,  the  effects  may 
commence  and  terminate  at  different  times.  A  dose  of 
arsenic  may  cause  violent  symptoms  in  ten  minutes,  but 
ten  hours  may  elapse  before  evidences  of  poisoning  appear, 
and  the  period  at  which  death  occurs  may  vary  in  a  corres- 
ponding manner. 

Differences  with  regard  to  the  effects  of  poisons  can  be, 
to  a  great  extent,  explained  by  differences  in  the  rapidity 
with  which  the  absorption  commences.     As  long  as  a  poison 


53 

remains  quite  unabsorbed  in  the  stomach,  it  cannot,  of 
course,  exert  its  usual  effects  on  other  organs ;  and  toxic 
substances  seem  at  times  to  influence  the  stomach  in  such 
a  manner  that  absorption  is  materially  delayed. 

Drugs  in  medicinal  doses  are  less  liable  to  raise  up 
barriers  to  their  own  absorption,  but  a  very  slight  alteration 
in  the  condition  of  the  stomach  may  delay  the  solution  of 
the  materials  which,  ordinarily,  are  quickly  digested ;  and 
there  can  be  little  doubt  that  drugs,  even  in  medicinal  doses, 
may  at  times  remain  long  unchanged  after  they  are 
swallowed.  Sometimes  they  are  then  rejected;  most  of 
us  have  seen  cases  in  which  a  dose  of  medicine  has  been 
returned  after  a  sojourn  of  an  hour  or  two  in  the  stomach. 
But  sometimes  absorption  at  length  takes  place,  and  then 
the  ordinary  physiological  effects  appear,  though  at  a  late 
period.  Deferred  absorption,  probably,  accounts  for  most 
of  those  instances  in  which  the  action  of  medicines  is  undulv 
delayed. 

When  the  absorption  of  a  drug  commences  without  any 
unusual  delay,  the  duration  of  its  action  will  depend  chiefly 
on  the  time  required  for  the  completion  of  this  process,  and 
on  the  rapidity  with  which  excretion  of  the  drug  takes 
place.  It  will  likewise  be  influenced  by  the  susceptibility 
of  the  part  affected,  for  we  may  well  suppose  that  the 
more  powerfully  an  organ  is  acted  upon,  the  longer  will 
the  disturbance  in  its  functions  continue,  even  though  the 
cause  of  the  disturbance  has  passed  away.  Nov/,  suscepti- 
bility of  an  organ  to  the  influence  of  a  drug  may  vary 
considerably  in  different  people,  and  likewise  in  the  same 
individual,  according  to  state  of  health  and  other  circum- 
stances. 

Manifestly,  the  conditions  which  regulate  the  duration 
of  the  actions  of  medicines  are  exceedingly  complex.  I 
shall  try,  however,  to  show  that,  apart  from  exceptional 
circumstances  connected  with  absorption,  many  medicines 
do  act  for  tolerably  definite  periods ;    and,  in  some  cases, 
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it  may  be  possible  to  determine  the  average  time  of  actioa 
of  individual  doses  with  sufficient  exactness  to  serve  as  a 
guide  to  repetition. 

In  the  first  place  it  may  be  pointed  out  that  experience 
has  already  made  us  aware  of  relative  uniformity  in  the 
period  of  activity  of  many  drugs.  Ammonia  acts  quickly 
on  the  heart,  and  its  effects  soon  pass  away ;  the  tonic  effects 
of  digitalis  are  slow  to  appear,  but  they  last  a  long  time. 
Of  our  diuretics,  purgatives,  and  emetics,  some  act  for  a 
shorter,  some  for  a  longer,  period.  The  diuretic  effects  of 
caffeine,  for  example,  soon  cease  when  we  stop  the  adminis- 
tration of  this  drug,  whilst  the  increased  flow  of  urine  which 
is  produced  by  digitalis  usually  goes  on  for  a  long  time, 
sometimes  for  several  days,  after  the  medicine  has  been 
discontinued.  The  difference  in  the  period  during  which 
these  two  drugs  act,  may  of  course  depend  on  the  fact  that 
they  exert  their  influence  on  different  tissues.  Caffeine,  it 
has  been  suggested,  stimulates  the  tubular  epithelium, 
whilst  digitalis  causes  diuresis  'through  its  effects  on  the 
vascular  system.  But  the  relative  difference  in  the  dura- 
tion of  action  must  certainly  be  dependent  on  the  fact  that 
each  influences  the  tissues  it  affects  for  a  more  or  less 
definite  period.  We  find,  too,  that  when  drugs  act  in  a 
similar  manner  on  the  same  tissues,  the  relative  periods  of 
their  activity  may  vary  distinctly. 

The  symptoms  of  intoxication  produced  by  alcohol  can^ 
be  reproduced  by  ether,  and  there  can  be  little  doubt  that, 
in  inducing  their  usual  results,  these  two  drugs  affect  the 
same  tissues  and  functions.  But  each  stage  of  intoxication 
is  shorter,  when  caused  by  ether,  than  when  it  is  due  to 
alcohol,  and  as  the  relative  difference  of  activity  is  always 
to  be  observed,  it  is  manifest  that  the  duration  of  the 
influence  of  these  two  drugs,  on  the  parts  of  the  body  they 
affect,  must  be,  within  certain  limits,  definite.  What  these 
limits  are,  has  not  yet  been  ascertained ;  but  in  the  case  of 
a  class  of  drugs  which  yield  symptoms  capable  of  graphic 
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representation,  the  limits  of  duration  may  be,  to  a  certain 
extent,  demonstrated. 

The  marked  phenomena  produced  by  the  inhalation  of 
nitrite  of  amyl,  and  the  resemblance  between  them  and 
those  which  follow  the  administration  of  other  nitrites  and 
nitro-glycerine,  have  been  made  known  to  us  by  the  in- 
vestigations of  Drs.  Brunton  and  Cash,  Dr.  Murrell,  Dr. 
Hay,  and  others;  but  all  who  have  made  observations  on 
the  comparative  effects  of  these  substances  have  noted  the 
great  difference  there  is  between  the  duration  of  the 
influence  of  the  amyl  compound  and  that  of  the  other  nitrites 
and  nitro-glycerine.  Dr.  Murrell  has  pointed  out  that, 
while  the  influence  of  amyl  nitrite  is  very  transitory — a 
tracing  taken  a  minute  and  a  half  after  the  inhalation  of 
the  drug  appearing  normal  —  the  full  action  of  nitro- 
glycerine is  not  observed  in  the  sphygmographic  tracing  till 
six  or  seven  minutes  after  the  dose  has  been  swallowed, 
and  the  tracing  does  not  assume  its  normal  condition  for 
half  an  hour.  Dr.  Hay  has  further  drawn  attention  to  the 
fact,  that  nitrite  of  sodium  checks  anginal  pains  for  a 
longer  time  than  nitro-glycerine,  from  which  it  follows 
that  the  influence  of  the  alkaline  nitrite  on  arterial  tension 
persists  longer  than  that  of  the  glycerine  compound. 

But  it  has  been  noticed,  too,  that  the  phenomena  pro- 
duced by  the  nitrites  and  nitro-glycerine  vary  not  a  little 
in  different  individuals.  Some  people,  for  example,  are 
powerfully  affected  by  half  a  drop  of  a  one  per  cent,  solution 
of  nitro-glycerine,  but  many  can  take  flve  drops,  and  some 
even  a  larger  quantity,  without  feeling  any  sense  of  dis- 
comfort. 

In  endeavouring,  therefore,  to  determine  the  period 
during  which  nitro  -  glycerine  and  the  nitrites  depress 
tension,  I  have  administered  these  drugs  in  various  doses 
to  individuals  differing  considerably  in  susceptibility  to 
their  effects;  and,  though  the  number  of  experiments  is 
not  sufficient  to  fix  absolutely  the  limits  of  the  duration  of 
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their  action,  I  think  that  the  results  show  that  an  approxi- 
mately correct  estimate  of  these  limits  may  be  obtained. 

I  may  point  out  that  I  have  devoted  my  attention 
especially  to  the  effects  of  the  drugs  on  arterial  tension. 
It  would  be  quite  possible  to  determine  the  time  during 
which  they  alter  the  frequency  of  the  pulse,  or  produce 
subjective  phenomena,  and  this  time  might  or  might  not 
accord  with  their  influence  on  arterial  pressure. 

It  seemed  to  me,  however,  better,  in  the  first  place,  to 
limit  my  attention  to  one  point  only.  In  all  cases  in  which 
I  have  made  observations,  to  determine  the  duration  of  the 
effects  of  drugs  on  circulation,  tracings  were  first  taken, 
frequently  for  three  or  four  days,  to  determine  the  varia- 
tions of  the  pulse  apart  from  medicinal  influence.  In  some, 
these  variations  are  considerable,  and  such  I  have  rejected 
for  experimental  purposes,  choosing  those  only  from  whom 
I  found  that  fairly  uniform  tracings  could  be  obtained. 
The  subjects  of  my  experiments  were  all  free  from  cardiac 
disease.  The  observations  were  made,  as  far  as  possible, 
under  similar  conditions  as  regards  time  of  day,  food,  etc. 

The  influence  of  amyl  nitrite  on  the  pulse  commences 
immediately  after  its  inhalation.  The  arterial  tension  is 
reduced  to  its  lowest  point  in  thirty  to  sixty  seconds ;  the 
blood-pressure  then  rises  again,  and  usually  attains  its 
ordinary  height  in  a  minute  and  a  half,  as  stated  by  Dr. 
Murrell.  But  at  times  the  normal  tension  is  not  quite 
reached  for  two  to  four  minutes ;  and,  not  unf requently,  a 
fall  of  tension  follows  in  a  few  minutes  after  the  apparent 
recovery,  so  that  really  the  return  to  normal  is  not  accom- 
plished for  eight  or  ten  minutes.  A  further  slight  fall  may 
follow  on  this  second  return,  the  effects  of  the  nitrite  on  the 
pulse  being  traceable  by  the  sphygmograph  for  twenty 
minutes  to  half  an  hour.  Alternations  of  this  kind  occur 
during  the  action  of  all  the  nitrites,  and  I  shall  allude 
to  them  as  oscillations.  Occasionally,  the  blood-pressure 
does  not  rise  quite  to  its  proper  height  in  the  first  few 
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minutes,  a  distinct  fall  in  tension  taking  place  after  the 
pulse  has  only  partially  regained  its  normal  character; 
and  the  average  blood-pressure,  in  a  few  cases,  is  not  reached 
for  an  hour. 

In  only  one  instance  (Figs.  19 — 25)  have  I  been  able  to 
trace  the  effect  of  the  nitrite  of  amyl  for  more  than  an  hour. 
Here,  a  minute  and  a  quarter  after  the  contents  of  one  of 
Martindale's  capsules  were  inhaled,  the  pulse  had  partially 
regained  its  ordinary  tension.  Four  minutes  afterwards, 
the  pressure  was  somewhat  higher,  but  still  had  not  quite 
reached  its  normal  condition.  Six  minutes  after  this,  a 
slight  fall  in  tension  was  noted,  and  soon  after,  again  a  very 
slight  rise.  Then  there  was  a  fall.  After  this  it  gradually 
rose,  but  with  slight  oscillations ;  and  1  hour  and  15  minutes 
after  inhaling  the  nitrite,  it  regained  permanently  its 
ordinary  condition.  I  should  have  deemed  it  almost  im- 
possible for  the  amyl  compound  to  act  for  so  long  a  time, 
had  I  not  known  that  the  subjective  effects  of  the  drug 
often  continue  long  after  its  pronounced  effects  on  the  cir- 
culation have  disappeared. 

The  duration,  then,  of  the  effects  of  nitrite  of  amyl  varies 
considerably;  its  very  marked  tension-reducing  influence 
never  lasts  more  than  one  and  a  half  to  two  minutes,  but  a 
slight  depression  of  blood-pressure  is  commonly  present  for 
a  longer  period,  and  not  only  does  the  duration  of  the 
influence  of  the  amyl  nitrite  differ  in  different  people,  but 
it  is  also  variable  in  the  same  individual  at  different  times. 
Of  two  successive  doses,  the  influence  of  one  may  be  traced 
for  half  an  hour,  whilst  the  effects  of  the  other  may  dis- 
appear in  the  course  of  a  few  minutes;  but  this  remark 
only  refers  to  the  slighter  effects,  very  distinct  lowering  is 
of  the  same  duration  in  all. 

Nitrite  of  ethyl  depresses  tension  for  a  much  longer  time 
than  amyl  nitrite,  and  in  quite  a  different  manner. 

A  dose  of  25  minims  of  a  25  per  cent,  solution,  in  alcohol, 
causes,  in  those  susceptible  to  the  influence  of  the  nitrites, 
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a  slight  fall  in  tension  within  a  few  minutes ;  but,  as  a  rule, 
the  greatest  effect  is  not  noticed  until  from  six  to  jfifteen 
minutes  have  elapsed.  For  twenty  or  thirty  minutes 
longer,  the  tension  continues  low.  Then  a  return  towards 
the  normal  takes  place,  usually  with  oscillations.  I  have 
traced  the  effect  of  this  nitrite  for  two  hours.  Where  the 
dose  is  small,  or  in  those  not  very  susceptible  to  the  action 
of  the  nitrites,  hardly  any  fall  is  seen  during  the  first  half- 
hour,  and  the  normal  tension  is  regained  in  about  an  hour 
and  a  half.  Figs.  26 — 32  illustrate  the  influence  of  25 
minims  of  a  25  per  cent,  solution  on  a  subject  (L.)  very 
susceptible  to  the  influence  of  nitrites.  Figs.  33 — 36  show 
the  effects  of  the  same  dose  in  a  man  (S.)  with  hemiplegia 
and  high  tension.  In  L.,  the  administration  of  this  nitrite 
caused,  in  half  an  hour,  such  faintness,  as  to  compel  him  to 
assume  the  recumbent  position;  slight  traces  of  the 
influence  of  the  drug  on  the  pulse  could  be  detected  two 
hours  after  administration. 

I  have  not  made  a  sufficient  number  of  observations  with 
the  alcoholic  solution  of  ethyl-nitrite  to  satisfy  myself  as 
to  the  exact  limits  of  the  time  during  which  it  acts.  But, 
from  some  experiments  made  with  spirit  of  nitrous  ether, 
answering  to  the  British  Pharmacopoeia  test,  I  believe  that 
seven  or  eight  minims  of  pure  ethyl-nitrite  will  usually 
keep  the  tension  distinctly  depressed  for  at  least  forty-five 
minutes,  in  some  people  for  rather  more  than  an  hour; 
and  that  the  circulation  is  often  influenced  during  the  whole 
of  the  second  hour  after  administration.  The  depression  of 
the  tension,  though  more  prolonged,  is  not  so  great  as  that 
produced  by  nitrite  of  amyl. 

Nitro-glycerine  acts  more  quickly  and  more  powerfully 
than  nitrite  of  ethyl ;  its  effects,  too,  are  more  prolonged. 
A  single  drop  of  a  1  per  cent,  solution  usually  causes  a  fall 
in  the  pulse-tension  in  one  and  a  half  to  two  minutes,  and 
in  three  or  four  minutes  the  fall  is  well  marked.  The  blood- 
pressure  continues  low  for  about  ten  minutes,  sometimes  a 
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little  longer;  then  it  gradually  rises,  and  in  half  an  hour 
may  be  almost  normal.  But,  after  this,  oscillations  com- 
monly take  place,  and  the.  normal  standard  is  not  usually 
perfectly  attained  for  an  hour  to  an  hour  and  a  half  after 
the  drug  has  been  given.     (I'igs.  37 — 42). 

The  effects  of  two  or  three  minims  are  often  well  seen 
for  nearly  an  hour;  after  this  they  are  not  well  marked, 
but  are  perceptible  for  some  time.  In  about  an  hour  and 
a  half,  the  tracing  Has  returned  to  the  form  it  had  before 
the  drug  was  given.  But  even  after  this,  slight  oscillations 
may  appear,  as  in  the  case  of  nitrite  of  amyl.  If  a  large 
dose  be  given,  the  ett'ects  are  often  distinct  for  an  hour  and 
a  half,  and  traceable  for  two  hours  and  a  half  (Figs.  4*j — 56). 

But  nitro  -  glycerine  acts  on  some  individuals  more 
powerfully,  and  for  a  longer  time.  Figs.  57 — 65  show  the 
effect  of  a  single  drop  of  a  1  per  cent,  solution  on  the  pulse  of 
W.  H.,  one  of  the  most  susceptible  of  all  the  subjects  on 
whom  I  have  experimented.  It  will  be  seen  that  the 
tension  was  very  distinctly  lowered  for  one  hour  and  a  half ; 
then  it  gradually  rose  ;  but  in  three  hours  and  a  half  it  had 
not  quite  regained  its  normal  height.  I  never  ventured  to 
give  W.  H.  a  larger  dose;  but  to  another  susceptible  man 
(V.  C.)  I  gave  three  minims  and  a  half;  and  the  results  are 
set  forth  in  Figs.  50 — 56.  Here  for  an  hour  the  tension  re- 
mained extremely  low,  and  in  an  hour  and  a  half  it  had  by 
no  means  regained  its  proper  height.  Even  the  return,  in 
two  hours  and  ten  minutes,  was  not  permanent,  a  slight  fall 
being  once  or  twice  observed  in  the  ensuing  forty  minutes. 

It  is  manifest  that  we  cannot  look  on  half  an  hour  as 
the  limit  of  the  tension-reducing  effect  of  even  small  doses 
of  nitro-glycerine ;  and,  from  a  large  series  of  tracings  I 
have  taken,  it  seems  tome  that,  as  a  rule,  a  dose  of  one  to 
two  minims  of  the  1  per  cent,  solution  exercises  its  most 
powerful  effect  in  the  first  half-hour,  but  that  it  usually 
affects  the  pulse  for  an  hour  longer,  that  a  larger  dose,  live 
minims  (Figs.  66 — 73),  does  not  depress  the  tension  markedly 
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for  more  than  three-fourths  of  an  hour,  and  its  effects  are 
apparent  for  two  to  two  and  a  half  hours  ;  but  that,  in  those 
very  susceptible  to  the  influence  of  nitrites,  marked  lower- 
ing of  pulse-tension  is  kept  up  for  an  hour  or  more,  whilst 
some  influence  can  be  detected  for  three  hours,  and  some- 
times a  little  longer. 

The  tracings  I  have  taken  after  the  administration  of 
the  nitrites  of  sodium  and  potassium  confirm  the  view 
already  expressed  by  Dr.  Hay,  that  the  duration  of  the 
effects  of  the  alkaline  nitrites  is  more  prolonged  than  those 
produced  by  nitro-glycerine.  The  influence  of  the  alkaline 
nitrites  is  not  exerted  so  quickly  as  that  of  nitro-glycerine. 
In  most  cases,  ten  minutes  elapse  before  the  tension  falls 
markedly ;  but  a  slight  change  is  seen  within  the  first  five 
minutes.  Size  of  dose  exercises  only  a  slight  influence  on 
the  time  of  commencement ;  but  those  who  are  very 
susceptible  to  the  action  of  nitrites  are  affected  in  six 
minutes  as  strongly  as  ordinary  people  are  in  ten.  After 
the  first  ten  minutes,  the  pressure  falls  rapidly,  and  it 
remains  usually  very  low  from  the  end  of  the  first  half  hour 
until  about  two  hours  have  elapsed  from  the  time  that  the 
drug  was  administered.  But  slight  oscillations  in  the 
pressure  are  always  present  during  this  period.  Oscilla- 
tions, too,  are  noted  during  the  rise  of  the  pulse  to  the 
normal  pressure,  which  is  reached  in  from  four  to  five  hours. 

From  a  number  of  observations,  I  estimate  that,  whilst 
the  average  duration  of  five  grains  of  an  alkaline  nitrite 
in  ordinary  individuals  is  about  four  and  a  half  hours,  the 
effect  of  three  grains  does  not  last  so  long  by  half  an  hour. 
Figs.  74 — 81  show  the  influence  of  five  grains  in  a  mode- 
rately susceptible  man.  Though  the  influence  of  nitrites  on 
the  degree  of  tension  is  more  marked  in  those  whom  I  have 
designated  susceptible,  I  do  not  find  that  in  such  people 
the  duration  of  the  effect  is  materially  greater. 

Figs.  81 — 89  show  the  tracings  taken  after  the  adminis- 
tration of  four  grains  of  nitrite  of  potassium  to  a  man  very 
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susceptible  to  the  acfion  of  nitrites,  but  the  dose  required 
to  produce  fall  in  tension  in  the  susceptible  is  very  small. 
In  Figs.  90 — 9G  is  seen  the  influence  produced  in  a  veiy 
susceptible  man  by  half  a  grain  of  nitrite  of  sodium. 

The  duration  of  the  action  of  a  drug  is  doubtless  in  part 
dependent  on  the  rapidity  with  which  it  is  absorbed  from 
the  stomach,  and  it  seemed  to  me  possible  that  a  more 
prolonged  effect  on  tension  might  be  obtained  by  a  sub- 
stance ]ess  soluble  than  the  alkaline  nitrites.  I,  therefore, 
tried  the  effect  of  cobalt  yellow,  a  double  nitrite  of  cobalt 
and  potassium.  I  found  it  somewhat  irregular  in  its 
action ;  in  some  individuals,  three  or  four  grains  produced 
very  little  fall  in  pressure,  but  in  others,  as  seen  in  Figs. 
97 — 103,  the  influence  was  considerable,  four  grains  lower- 
ing the  tension  greatly  for  three  hours  and  ten  minutes. 
Seven  grains,  in  one  case  (Figs.  104 — 110)  affected  the 
tension  for  six  hours ;  but,  generally,  the  duration  of  its 
action  was  not  more  considerable  than  that  of  the  nitrites ; 
the  effects  appear,  however,  later,  twenty  to  thirty  minutes 
usually  elapsing  before  the  tension  is  much  lowered. 

In  estimating  the  duration  of  the  effects  of  tensor- 
depressants,  the  oscillations  which  occur,  both  during  the 
rise  and  fall  of  blood-pressure,  cause  considerable  trouble. 
It  is  difficult  to  fix  the  exact  time  at  which  the  tension 
becomes  permanently  normal,  as  well  as  the  time  at  which 
it  reaches  its  lowest  point.  The  influence  of  the  nitrites, 
indeed,  seems,  to  a  certain  extent,  wave-like.  When  the 
tension  is  falling  rapidly,  oscillations  can  hardly  be 
detected;  but,  both  when  it  is  low  and  when  it  is  rising, 
they  are  often  very  conspicuous.^ 

I  have  only  looked  on  the  return  to  normal  as  complete 
when  the  tracing  has  indicated  the  same  tension  as  before 
the  drug  was  given  on  several  consecutive  trials.  I  do  not 
pretend,  as  I  have  said,  that  the  observations  I  have  made 

^  Van  der  Heide  (Arch,  fur  exp.  Path,  und  Pharm,^  xix.,  p.  139)  has  noted 
in  animals  similar  oscillations  during  the  return  of  the  blood-pressure  to  the 
normal,  after  it  has  been  affected  by  digitalis. 
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determine  accurately  tlie  limits  of  tlie  tension-depressing 
effects  of  the  compounds  with  which  I  have  experimented, 
but  they  certainly  seem  to  show  that  these  substances  act 
for  a  fairly  definite  time.  Nitrite  of  amyl  acts  powerfully 
almost  at  once,  and  for  two  minutes,  but  its  influence  on 
the  pulse  may  often  be  traced  for  ten  to  twenty  minutes, 
sometimes  longer.  The  effects  of  nitrite  of  ethyl  are  best 
seen  five  to  twenty  minutes  after  its  administration,  but 
remain  very  visible  for  an  hour,  and  are  perceptible  for 
one  and  a  half  to  two  hours.  Nitro-glycerine  powerfully 
affects  the  circulation  in  two  minutes  ;  its  influence  is  most 
marked  for  thirty  to  forty-five  minutes,  and  may  be  detected 
for  two  and  a  half  to  three  hours.  The  alkaline  nitrites 
produce  but  little  influence  on  pressure  for  from  six  to  ten 
minutes,  but  then  depress  it  strongly,  for  two  and  a  half 
hours,  and  act  altogether  for  between  four  and  five  hours. 
Cobalt  yellow  begins  to  act  markedly  in  from  twenty  to 
thirty  minutes  ;  its  tension-depressing  effects  are  often  very 
pronounced  for  more  than  three  hours,  and  sometimes 
visible  for  six  hours. 

The  times  I  have  named  are,  of  course,  averages.  As  I 
have  pointed  out,  the  period  during  which  drugs  act  on 
individuals  is  influenced  by  the  natural  susceptibilities  of 
the  organs  affected,  by  the  dose,  and  by  the  condition  of  the 
absorptive  and  excretive  powers.  It  therefore  follows  that 
the  duration  of  action  must  differ  within  certain  limits,  not 
only  in  different  individuals,  but  also  in  the  same  individual 
at  different  times. 

The  state  of  the  organs  connected  with  absorption  and 
excretion  is  hardly  ever  the  same  for  any  length  of  time,  and 
so  it  comes  to  pass  that  even  consecutive  doses  in  the  same 
individual  often  vary,  to  some  extent,  in  the  period  of  their 
action.  If,  however,  we  can  arrive  at  some  idea  of  the 
average  time  during  which  we  can  count  on  single  doses  of 
our  medicines  acting,  and  the  limits  of  variation  in  duration 
under  different  conditions,  we  shall  have  gained  much. 
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Susceptibility  can  usually  be  determined  by  experiment, 
and  sometimes  judged  of  in  other  ways.  In  the  case  of  the 
nitrites,  for  example,  a  single  administration,  if  carefully 
watched,  may  enable  us  to  decide  as  to  whether  the  subject 
is  easily  affected  or  the  reverse ;  but  we  may  form  an  opinion 
on  this  point  from  the  general  characters  of  the  circulatory 
system.  The  anaemic,  and  those  of  weak  circulation,  are 
usually  powerfully  affected  by  tension-depressants ;  those 
who  have  a  high  arterial  tension,  are  not  so  readily  in- 
fluenced. In  judging  of  the  effects  of  diseases  of  organs  on 
duration,  we  can  only  be  guided  by  accumulated  knowledge 
of  the  influence  which  disease  has  on  absorption  and  excre- 
tion, and  on  the  susceptibility  of  the  organs  which  the  drug 
acts  upon.  The  dose  required  to  produce  an  average  effect 
as  regards  duration,  will  not  be  difficult  to  decide  when  the 
other  factors  which  influence  duration  are  known. 

The  effect  of  tolerance  and  cumulative  action  in  altering 
the  duration  of  successive  doses,  still  requires  consideration. 
I  have  several  times  carefully  watched  the  effects  of  three 
or  four  doses  of  the  various  nitrites  given  in  succession, 
with  the  view  of  ascertaining  whether  the  length  of  time 
of  the  tension-reducing  effect  of  the  individual  doses  was 
thereby  influenced,  but  I  have  found  no  indications  that  it 
was  so ;  and  in  two'  Cases,  who  have  taken  nitrites  frequently 
during  several  weeks,  I  have  not  found  the  duration  of  their 
tension-depressing  effects  materially  altered;  but  further 
investigations  are  needed  to  decide  the  influence  of  tolerance 
and  cumulative  action  on  these  as  on  other  drugs. 

Notwithstanding  the  difficulties  which  beset  the  utilisa- 
tion of  a  knowledge  of  the  duration  of  the  action  of  the 
separate  doses  of  drugs,  it  seems  to  me  that  the  advantages 
of  this  knowledge  are  sufficient  to  warrant  a  further  in- 
vestigation into  this  hitherto  neglected  subject.  The  benefit 
which  may  be  derived  from  such  knowledge  is  well  seen  in 
the  case  of  the  nitrites.  We  have  now  the  power  of  depress- 
ing,  for  any  time   we   like,    arterial  tension.      We   may 
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influence  it  for  a  few  seconds,  we  may  keep  it  low  for  hours ; 
and  when  we  consider  the  advantages  which  accrue  in 
certain  conditions  from  lowered  tension,  it  is  manifest  that 
we  have  acquired  almost  a  new  therapeutic  power.  I  have 
no  doubt  that,  before  long,  we  shall  be  able,  in  like  manner, 
to  raise  arterial  tension  for  definite  periods  of  time. 

Van  der  Heide  has  already  made  some  experiments 
which  bear  on  the  duration  of  the  influence  of  digitalis, 
in  single  and  repeated  doses,  on  animals.  As  might  be 
expected  from  the  knowledge  we  already  possess,  the  length 
of  time  during  which  this  drug  acts  was  found  to  be  very 
considerable,  two  or  three  days  sometimes  elapsing  after  the 
administration  of  the  drug  before  the  blood-pressure  fell  to 
its  normal  level.  But  the  researches  of  Schmiedeberg  and 
others  have  shown  that  there  are  numerous  substances 
acting  like  digitalis,  but  differing  considerably  in  their 
solubility  in  water.  It  seems  to  me  probable  that  we  may 
find  amongst  these  some  which  act  for  a  short  time,  some 
for  a  long  time ;  and  that,  as  in  the  case  of  the  tensor- 
depressants,  we  may  be  able  to  arrange  them  in  series, 
according  to  their  duration.  A  further  addition  would  then 
be  made  to  our  curative  powers.  I  have  already  made  a 
few  preliminary  experiments  with  helleborein ;  and,  though 
I  cannot  at  present  be  quite  certain  of  my  results,  its  tension- 
raising  effects  seem  to  me  to  both  come  on  and  pass  away 
more  quickly  than  those  of  digitalis.  I  have  seen  the 
pressure  rise  in  six  hours,  and  fall  in  the  same  time. 
Cumulative  effect,  however,  here  seems  very  marked.  I 
find,  too,  that  small  doses,  frequently  repeated,  have  a  more 
powerful  effect  than  the  same  amount  given  in  one  large 
dose.  But  our  inquiries  will  not  end  with  drugs  acting  on 
tension;  there  is  good  ground  for  hoping  they  will  be 
extended  to  other  groups ;  and  I  look  forward  to  the  time 
when  a  more  complete  knowledge  of  the  time  during  which 
single  doses  of  most  of  our  medicines  act,  may  give  to 
practical  therapeutics  a  scientific  exactness  which  is  now 
wanting. 
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THE  CROONIAN  LECTURES 

ON 

THE  PHARMACOLOGICAL  ACTION  AND 

THERAPEUTIC    USES    OF 

THE    NITRITES   AND   ALLIED    COMPOUNDS. 


1893. 


I>s  the  Croonian  Lectures  for  1890  Dr.  Lauder  Brunton  set 
forth  with  a  master's  hand  the  position  of  our  knowledge 
with  regard  to  the  relationship  which  exists  between  chemi- 
cal composition  and  physiological  action.  He  pointed  out 
the  structure  of  the  leading  types  of  organic  compounds  and 
explained  the  influence  which  both  structure  and  composi- 
tion have  in  determining  their  physiological  action. 

In  the  lectures  I  have  the  honour  of  being  invited  to 
give  my  role  will  be  a  more  limited  one.  I  propose  to  take 
up  one  of  the  many  series  of  groups  with  which  Dr.  Brunton 
dealt,  and,  if  possible,  add  something  to  our  knowledge 
concerning  it. 

The  Croonian  Lectures  have  been  instituted  for  the  pro- 
motion of  knowledge  bearing  on  the  prevention,  control,  and 
cure  of  disease,  and  in  those  I  am  about  to  give  I  intend  to 
set  forth  the  pharmacology  of  the  nitrites  and  some  allied 
compounds,  and  to  show  how  our  knowledge  of  their  actions 
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may  be  utilised  in  the  treatment  of  disease.  But  an 
essential  object  of  these  lectures  will  be  to  indicate  the 
influence  or  physiological  action  which  certain  small  groups 
of  atoms  or  molecules  of  oxygen  and  nitrogen  entering  into 
the  composition  of  the  nitrites  and  allied  compounds 
directly  and  indirectly  exert. 
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Chapter  I. 

ACTION    OF    ELEMENTS    AND    GROUPS    OF 

ELEMENTS. 

When  a  medicinal  substance  enters  into  the  circulation 
the  molecules  of  which  it  is  constituted,  or  those  resulting 
from  such  chemical  modification  as  it  undergoes,  come  into 
contact  with  certain  tissues  to  which  they  are  specially  re- 
lated, and,  influencing  these  tissues,  produce  the  alterations 
in  the  function  of  the  various  Ox  gans  which  we  include  under 
the  name  of  pharmacological  action. 

Into  the  cause  of  the  relationship  or  affinity  which  seems 
to  exist  between  the  molecules  of  chemical  compounds  and 
the  tissues  they  influence  we  have  not  yet  penetrated,  nor 
do  we  know  how  the  ultimate  constituents  of  the  tissues  are 
so  acted  upon  that  modiflcation  of  function  is  produced. 
But,  so  far  as  the  chemical  compounds  themselves  are  con- 
cerned, we  have  evidence  that  their  effects  are  in  some  way 
the  result  of  the  influence  of  the  separate  elements  or  groups 
of  elements  of  which  they  are  built  up,  and  of  the  method  in 
which  these  elements  or  groups  are  conjoined. 

Some  elements  make  their  presence  felt  pharmacologi- 
cally in  a  distinctive  manner ;  the  definite  effect  of  others 
we  can  hardly  determine.  It  has  been  shown  that  many 
metals — as,  for  example,  potassium,  calcium,  and  barium — • 
exercise  a  definite  influence  on  muscular  tissues  of  the  body. 
Chlorine,  bromine,  and  iodine  have  also,  as  Binz  many  years 
ago  pointed  out,  a  special  action  on  nerve  cells.  In  0,  H, 
C,  and  N  we  have  elements  the  pharmacological  offices  of 
which  are  so  wide  spread  and  varied  that  we  cannot  at  pre- 
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sent  define  their  sphere  of  influence ;  they,  however,  unite 
to  form  groups  of  which  the  specific  effect  can  be  distinctly 
shown.  The  alcoholic  radicles  or  alkyls,  such  as  methyl, 
CHg,  tend  to  give  the  compounds  into  which  they  enter  a 
power  of  depressing  the  functions  of  the  higher  cerebral 
centres,  and  hence  producing  sleep  or  general  anaesthesia. 

The  group  NH2,  like  ammonia  compounds  generally, 
has  a  stimulant  effect  on  the  medulla  and  spinal  cord. 
There  are  even  indications  that  the  small  group  hydroxyl, 
OH,  has  itself  a  peculiar  influence,  though  probably  this 
influence  is  wide  spread  and  varied.  It  must  be  confessed 
that  our  knowledge  of  the  conditions  and  limits  of  this 
influence  is  of  a  rudimentary  kind.  But,  imperfect  though 
it  is,  we  owe  to  it  some  of  the  most  valuable  of  the  recent 
additions  to  the  means  at  our  disposal  for  the  prevention, 
control,  and  cure  of  disease,  as  well  as  a  better  knowledge 
of  the  way  in  which  some  of  the  older  methods  may  act. 

Groups  containing  Oxygen  and  Nitrogen. 

Among  the  many  groups  concerning  which  more  infor- 
mation is  wanted,  are  those  which  contain  oxygen  and 
nitrogen.  They  enter  into  the  composition  of  many  sub- 
stances used  in  medicine,  and  of  a  still  greater  number 
which  may  be  found  to  have  therapeutic  value.  In  these 
nitrogen  is  combined  with  one  or  more  atoms  of  oxygen. 

The  table  (Frontispiece)  sets  forth  the  groups  of  these  two 
elements  to  which  I  propose  to  call  attention. 

The  formulae  given  for  these  groups  and  their  compounds 
are  founded  on  their  chemical  reactions  and  decompositions, 
and  are  those  which  are  generally  accepted  as  representing 
thfir  structure.  The  first  or  nitrite  group  consists  of  an 
atom  of  triad  nitrogen  which  has  two  of  its  affinities  satisfied 
by  an  oxygen,  whilst  the  third  is  attached  to  a  second 
oxygen.  The  second  oxygen  atom  has  thus  one  of  its  links 
left  free. 

Nitrogen,  it  is  well  known,  at  times  plays  the  part  of  a 


69 

pentad  element,  and  it  is  supposed  by  chemists  to  do  so  ia 
the  second  or  nitrate  group.  Here  four  of  the  affinities  of 
the  pentad  nitrogen  atoms  are  satisfied  by  two  oxygen 
elements,  whilst  to  the  fifth  link  is  attached  a  third  atom  of 
oxygen  which  serves  to  couple  the  molecule  with  other 
groups.  In  the  next  or  nitro  group  Ihe  nitrogen  is  also 
probably  pentad,  and  has  attached  to  it  two  atoms  of  oxygen. 
It  will  be  noted  that  this  group  is  isomeric  with  the  nitrite 
group,  but  owing  to  the  difference  in  structure,  the  corre- 
sponding compounds  into  which  the  group  enters  have  not 
the  samie  pharmacological,  chemical,  or  physical  properties. 

In  the  nitrosamines,  as  in  the  nitrite  group,  we  have  a 
triad  nitrogen,  two  links  of  which  are  satisfied  by  an  oxygen 
atom,  the  third  having  attached  to  it  a  nitrogen  element. 

It  is  usual  to  regard  hyponitrites  as  containing  a  group, 
NO,  united  directly  to  the  other  element  of  the  compound, 
hyponitrous  acid  being  looked  upon  as  HNO,  and  sodium 
hyponitrite  as  NaNO.  But  the  recent  researches  of  Zorn 
and  others,  seem  to  have  proved  that  the  acid  and  its  salts 
are  diazo  compounds,  and  I  have  thus  represented  them  in 
the  table. 

The  last  group,  the  oximes,  consists  of  a  group,  NOH, 
the  nitrogen  of  which  is  united  to  a  carbon  element. 

It  will  be  seen  that  the  groups  of  nitrogen  and  oxygen 
given  on  the  list  enter  into  metallic,  fatty,  and  aromatic 
compounds.  I  propose,  however,  confining  my  remarks 
almost  entirely  to  the  metallic  and  fatty  compounds  con- 
taining them,  and  even  concerning  these  the  observations 
I  have  to  record  must  be  regarded  as  the  result  of  a  pre- 
liminary investigation  only  of  their  properties. 

Methods  in  which  Groups  of  Elements  in  Compounds 

Produce  their  Effect.  . 

Before  speaking  of  the  influence  exerted  by  the  groups 
of  molecules  to  which  I  have  drawn  attention,  it  may  be 
well  if  I  briefly  discuss  the  methods  in  which  they  may 
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produce  their  effects  on  the  tissues.  It  will  be  noted  that 
while  the  compounds  into  which  they  enter,  nitrite  of 
sodium  and  nitrate  of  sodium,  for  example,  have  an  in- 
dependent existence,  the  molecules  themselves  are  not 
known  in  a  separate  form,  yet  there  is  evidence  that,  like 
the  radicles  of  the  fatty  series  (CH3,  etc.),  amidogen  (NH2), 
and  hydroxyl  (OH),  their  special  physiological  influence 
can  be  traced  through  the  various  compounds  they  enter 
into,  modified,  of  course,  by  other  molecules  with  which 
they  are  associated.  The  action  of  the  nitrites  of  the 
alkaline  and  earthy  metals  on  muscular  tissue  will  illustrate 
this. 

AVhen  the  excised  muscles  of  certain  animals,  such  as 
the  frog,  are  placed  in  a  0*6  to  0*75  per  cent,  solution  of 
sodium  chloride,  the  so-called  normal  salt  solution,  they 
continue  to  live  and  behave  under  stimulation  in  a  f airlv 
uniform  manner  provided  they  are  exposed  to  exactly 
similar  conditions.  If  the  contractions  of  corresponding 
muscles  are  registered  by  a  myograph,  they  always  yield 
characteristic  tracings,  which,  though  influenced  by  method 
of  excision,  temperature,  season  of  the  year,  and  many  other 
factors,  yet  correspond  in  character,  provided  the  circum- 
stances under  which  the  curves  are  taken  are  alike.  The 
duration  of  the  life  of  the  muscle  too  is,  if  these  conditions 
are  fulfilled,  much  the  same. 

Fig.  Ill  represents  a  muscle  curve  taken  in  normal  salt 
solution.  As  I  shall  have  occasion  to  refer  frequently  to 
the  influence  on  muscle  tissue  of  the  substances  I  am  about 
to  speak  of  in  these  lectures,  I  may  here  take  the  oppor- 
tunity of  explaining  that  I  have  estimated  this  influence 
by  means  of  an  apparatus  devised  by  Dr.  Wild.  It  is  a 
modification  of  the  instrument  originally  employed  by  Dr. 
Brunton  and  Professor  Cash  in  their  well-known  investiga- 
tions on  chemical  constitution  and  physiological  action. 
The  excised  gastrocnemius  of  the  frog  is  surrounded  by 
normal  salt  solution  to  be  tested,  and  when  it  contracts  from 
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tions produced  is  represented  in  the  usual  way  by  a  lever 
writing  on  the  revolving  drum. 

It  is  sometimes  convenient  to  estimate  the  vitality  and 
contractile  power  of  muscles  without  taking  curves.  For 
this  purpose  contractions  are  recorded  on  a  stationary  drum 
every  few  minutes,  the  drum  being  moved  a  short  distance 
between  each  new  contraction.  When  a  frog's  gastro- 
cnemius is  surrounded  by  normal  salt  solution  for  ten  to 
twenty  minutes  the  curves  change  but  little,  then  they  fall 
gradually  until  the  death  of  the  muscle  in  about  twenty-four 
hours.  This  diagram  (Fig.  Ill),  like  all  the  others,  is  taken 
by  the  camera  from  an  actual  tracing;  for  the  sake  of 
clearness  only  a  few  of  the  curves  have  been  reproduced. 

In  Fig.  112  are  represented  the  contractions  of  muscle  in 
normal  saline  taken  at  regular  intervals  and  recorded  on  a 
stationary  drum  for  six  hours.  The  muscle  was  then  left 
in  the  solution  all  night.  The  small  contractions  at  the 
right  hand,  taken  twenty-four  hours  after,  were  produced 
by  the  full  strength  of  the  induction  current,  and  simply 
show  that  the  muscle  was  not  then  dead. 

The  influence  which  the  addition  of  small  quantities  of 
alkaline  and  earthy  metals  to  normal  salt  solution  has  on 
muscular  contraction  and  life  has  been  investigated  by  Dr. 
Brunton  and  Professors  Cash  and  Ringer.  Figs.  117  and 
120  show  the  effect  of  1  part  of  barium  chloride  and  calcium 
chloride  added  to  1,000  of  normal  saline  on  muscles. 

Barium  chloride  increases  the  contractile  power  of  the 
muscle,  and  alters  the  shape  of  the  curve ;  it  causes,  too, 
contracture,  and  kills  the  muscle  in  three  or  four  hours. 

Calcium  increases  the  contractile  power  of  the  muscles, 
and  causes  contracture,  but  tends  to  maintain  the  vitality 
of  muscle  which  lives  more  than  twenty-four  hours. 

That  the  effect  produced  on  the  contractions  is  not  due 
to  increased  density  of  the  fluid  surrounding  the  muscle  is 
proved  by  the  fact  that  1  in  1,000  of  chloride  of  sodium 
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added  to  a  normal  salt  solution  does  not  in  any  way  influence 
contraction  or  vitality. 

Now  if  we  compare  these  muscle  tracings  with,  those 
produced  by  the  addition  of  1  in  1,000  of  the  corresponding 
nitrites,  we  see  at  once  that  the  nitrite  element  has  a  very 
distinct  effect  (Figs.  Ill — 122).  In  this  strength  of  sodium 
nitrite  solution  (Figs.  113  and  114)  the  contractions  become 
less  strong,  and  in  about  thirty  to  forty  minutes  the  muscle 
fails  to  respond  to  stimulation,  and  is  dead.  If  we  place  a 
muscle  in  a  0*75  per  cent,  solution  of  sodium  nitrite,  the 
muscle  dies  in  15  to  20  minutes  (Fig.  115). 

When  1  in  1,000  of  barium  nitrite  is  added  to  the  normal 
salt  solution  the  contractions  at  first  produced  by  stimula- 
tion have  the  characteristic  peculiarity  of  barium  (Tig.  118), 
but  not  so  well  marked  as  in  the  case  of  the  chloride.  But 
rapidly,  much  more  rapidly  than  with  the  same  quantity 
of  chloride  of  barium,  the  contracture  is  annulled.  The 
contractile  power  decreases,  and  the  muscle  dies  in  30 
minutes.  If  a  smaller  quantity  of  barium  nitrite  be  used, 
such  as  1  in  2,000  to  1  in  5,000  (Fig.  119),  the  barium  con- 
tracture may  not  occur. 

If  we  compare  the  effects  produced  on  muscle  by  the 
same  metallic  elements  with  ONO2,  we  note  a  striking 
difference.  Whilst  sodium  nitrite  is  a  poison  causing  the 
muscle  quickly  to  lose  its  contractile  power  and  vitality, 
sodium  nitrate  is  in  small  proportions  quite  as  favourable 
to  the  vitality  of  muscle  as  is  chloride  of  sodium  itself.  A 
muscle  in  a  0*6  to  0*75  per  cent,  solution  of  sodium  nitrate 
will  contract  as  well  and  live  as  long  as  a  muscle  in  normal 
saline.  Strong  solutions  of  the  nitrate,  like  strong  solutions 
of  sodium  chloride,  will,  of  course,  kill  muscle  quickly. 

The  difference  between  the  physical  properties  of  nitrite 
and  nitrate  solutions  of  the  same  metals  of  equal  strengths 
will  not  account  for  the  great  differences  between  their 
physiological  effects  on  muscle  and  other  tissue.  It  must 
be  due  to  the  action  of  the  acid  molecules  ONO  and  ONO2. 
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The  way  in  which  such  molecules  as  OiSTO  and  ONO2 
produce  their  effects  it  may  not  be  possible  to  determine 
with  certainty.  Yet  the  matter  is  worthy  of  some  considera- 
tion. The  specific  changes  which  a  chemical  compound 
produces  in  tissues  must  be  due  to  the  influence,  chemical 
or  molecular,  exerted  on  the  ultimate  elements  of  the  tissue 
(1)  by  the  large  molecules  of  the  compound  itself,  or  (2)  by 
new  molecules  resulting  from  decomposition  of  these  larger 
molecules.  When  complex  molecules  enter  the  body  they 
not  infrequently  undergo  decomposition,  and  their  elements 
are  broken  up  into  new  groups.  When,  however,  metallic 
nitrites  and  nitrates  act  on  muscle  tissue  we  have  no  absolute 
evidence  that  any  decomposition  takes  place.  Binz,  in 
speaking  of  the  action  of  nitrites  on  the  nervous  system,  has 
suggested  that  when  nitrates  are  taken  nitrous  acid,  HNO2, 
is  set  free  and  decomposed,  HNO3  ^^^  NO  being  formed. 
He  attributes  the  effects  of  nitrites  on  the  nerve  cells  to  these 
products  of  decomposition,  but  especially  to  active  oxygen, 
which  he  holds  is  formed. 

There  is  evidence  that  such  changes  as  he  indicates  may 
take  place,  for  in  the  body  HNO2  is  to  some  extent  oxidised 
and  HNO3  formed,  but  there  is  no  proof  that  such  oxidation 
is  necessarily  the  antecedent  of  the  physiological  effects  on 
tissue,  especially  on  muscular  tissue,  which  nitrites  produce. 
I  have  been  unable  to  obtain  any  indication  of  the  oxidation 
of  nitrites  during  muscle  contraction,  and  their  influence  on 
muscle  is  in  no  sense  akin  to  that  produced  by  free  acid,  the 
formation  of  which  should  precede,  or  at  least  accompany, 
the  changes  he  speaks  of. 

It  seems  more  probable  that  the  influence  exerted  by 
nitrites  and  nitrates  is  due  directly  to  the  molecules  of 
which  they  are  composed  acting  on  the  tissue  elements.  It 
is  possible  for  a  chemical  compound  built  up  of  two  or  more 
molecules  to  act  in  two  ways  (1)  as  a  whole  molecule,  the 
influence  being  the  resultant  of  the  molecules  of  which  it 
is  composed,  or  (2)  each  of  the  molecules  may  divide  partner- 
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ship,  and  each  may  influence  the  tissues  in  its  own  peculiar 
way,  the  general  result  being  the  outcome,  as  it  were,  of 
two  separate  actions. 

It  is  probable  that  in  a  large  number  of  chemical  com- 
pounds it  is  the  whole  molecule  which  influences  the  tissue 
elements,  and  it  may  then  produce  an  effect  which  is 
intermediate  between  the  action  of  each  of  its  constituent 
molecules  and  allied  to  both,  or  its  influence  may  be  quite 
different  to  either  of  them.  But  there  are  some  grounds,  I 
think,  for  believing  that  the  constituent  molecules  of  a 
compound  may  act  separately,  and  it  seems  to  me  the 
nitrites  and  nitrates  are  probably  examples  of  such 
separate  action.  The  marked  individuality  and  uniformity 
of  the  influence  of  the  ONO  group  in  its  various  compounds, 
which  I  have  pointed  out  and  shall  still  further  illustrate 
in  other  tissues,  may,  I  think,  be  taken  as  an  indication  of 
this,  and  the  difference  I  have  noted  between  the  action  of 
smaller  and  larger  amounts  of  some  of  the  metallic  nitrites 
on  muscle  seems  to  me  to  support  the  view. 

If  we  expose  a  muscle  to  1  in  1,000  of  barium  nitrite  we 
see,  as  I  have  pointed  out  already,  what  may  be  called  the 
barium  effect,  that  is,  the  prolonged  and  heightened  con- 
traction and  contracture ;  though  distinctly  less  than  in  the 
case  of  barium  chloride,  it  is  still  at  first  well  marked,  but 
it  gradually  disappears,  the  curve  becomes  smaller,  and  the 
muscle  dies  (Fig,  118).  AVhen,  however,  instead  of  1  in 
1,000  of  barium  nitrite  we  use  a  smaller  amount,  say  1  in 
5,000,  the  distinct  barium  effect  on  the  form  of  the  curve  is 
at  times  absent,  though  the  muscle  dies  almost  as  quickly 
(Fig.  119). 

In  the  action  of  calcium  nitrite  the  conditions  are 
reversed. 

It  will  be  seen  from  the  curves  in  Fig.  122  when  a 
small  quantity  of  calcium  nitrite  (1  in  5,000)  is  used,  the 
peculiarities  of  the  calcium  tracing  are  preserved,  and  the 
vitality   of  the   muscle    is    scarcely    interfered   with;    in 
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stronger  solutions  (1  in  500  to  1,000)  the  nitrite  influence 
overwhelms  the  calcium  influence  (Fig.  121).  The  increase 
in  the  height  of  curve  which  calciiim  produces  is  almost 
annulled,  and  we  no  longer  see  the  effect  of  calcium  in 
promoting  vitality;  the  muscle  dies  in  four  hours,  whilst 
in  a  similar  solution  of  calcium  chloride  good  contractions 
can  be  obtained  after  twenty-four  hours. 

It  seems  to  me  that  the  curious  difference  in  kind  as  well 
as  in  degree  between  the  effects  of  small  or  large  quantities 
of  such  compounds  of  barium  and  calcium  on  muscle  tissue 
lends  some  support,  though  it  may  be  but  slight,  to  the 
view  that  the  influence  which  they  and  similar  compounds 
exert  on  tissue  may  be  due  to  the  separate  and  distinct  action 
of  the  molecules  of  which  the  compound  is  built  up.  A 
difficulty  in  the  way  of  accepting  this  view  is  that  we  have, 
as  a  consequence,  to  allow  definite  and  specific  powers  to 
groups  of  molecules  which  we  cannot  prove  actually  to 
exist ;  whether  the  difficulty  will  in  any  way  be  bridged  over 
by  the  theory  of  ^'  ions,"  which  in  the  last  few  years  has 
found  increasing  acceptance  in  the  chemical  world  remains 
to  be  seen. 
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Chapter  II. 

THE   NITRITE   OR  NITROXYL  GROUP. 

I  TUKN  now  to  the  first  group  on  the  list  of  oxygen  and 
nitrogen  molecules,  the  nitrites,  or  ONO,  or,  as  it  is  some- 
times called,  the  nitroxyl  group.  I  propose  to  draw  atten- 
tion to  the  nitrites  of  sodium,  potassium,  calcium,  barium, 
and  also  to  following  organic  nitrites :  Ethyl  nitrite 
C2II5ONO,  propyl  nitrite,  CsH^OiSiO,  isobutyl  nitrite, 
C4H9ONO,  and  amyl  nitrite  CgHnONO — though  I  shall  not 
of  course  pretend  to  give  a  detailed  account  of  them. 

General  Characters. 

Nitrous  acid,  IINO2,  itself  is  not  known  as  a  definite 
compound  in  a  pure  state.  When  nitrogen  trioxide, 
N2O3,  is  passed  into  cold  water  nitrous  acid  is  produced. 
It  is  formed,  too,  when  metallic  nitrites  are  acted  on  by 
weak  acids  and  the  organic  nitrites  yield  it  in  contact  with 
water  or  its  vapour.  It  is  an  un Citable  compound  at  ordinary 
temperatures,  and  decomposes  rapidly,  nitric  acid  and  nitric 
oxide  being  formed. 

Nitrite  of  sodium  and  potassium  are  deliquescent  salts, 
neutral  or  slightly  alkaline,  and  very  soluble  in  water.  They 
are  very  easily  decomposed  by  dilute  acids. 

The  nitrites  of  calcium,  barium,  and  strontium  are  like 
the  alkaline  nitrites  in  these  two  points. 

The  double  nitrite  of  cobalt  and  potassium,  or  Fischer's 
salt,  is  very  slightly  soluble  in  water.  According  to  Atkin- 
son, it  is  more  easily  decomposed  by  acids  than  the  other 
nitrites,  but  my  experiments  on  this  point  have  not  accorded 
with  his.  I  find  it  less  easily  decomposed  than  the  other 
nitrites. 

Ethyl  nitrite  is  a  volatile  liquid,  boiling  at  62*6°  F.     It 
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is  insoluble  in  water  at  320°,  but  very  soluble  in  alcohol. 
When  an  alcoholic  solution  is  mixed  with  water  effer- 
vescence takes  place,  which  is  due,  not  to  the  decomposition 
of  the  ethyl  nitrite,  but  to  its  separation  and  escape ;  a 
portion  of  the  ethyl  nitrite  remaining  dissolved  decom- 
poses, and  the  mixture  at  once  becomes  acid  owing  to  the 
formation  of  nitrous  acid.  The  amount  of  ethyl  nitrite 
remaining  in  solution  varies  greatly.  I  find  that  when  a 
drachm  of  a  2^  per  cent,  solution  of  ethyl  nitrite  is  added 
to  an  ounce  of  water  at  least  50  per  cent,  of  the  nitrite  is  at 
once  dissipated. 

Dilute  acids  do  not  immediately  decompose  ethyl  nitrite. 
It  is  probable,  however,  that  they  hasten  decomposition  of 
nitrite  in  large  quantities  of  water.  The  vapour  of  ethyl 
nitrite  is  converted  into  nitrous  acid  in  the  presence  of 
watery  vapour. 

Propyl  nitrite  is  a  volatile  liquid,  boiling  at  110°  to 
115°  F. 

Isobutyl  nitrite  has  a  still  higher  boiling  point — 1526^'. 
It  is  a  pale  yellow  liquid,  with  a  fragrant  odour. 

Nitrite  of  amyl  is  a  yellow  ethereal  liquid.  It  is  in- 
soluble in  water,  and  decomposed  by  contact  with  water, 
nitrous  acid  being  set  free,  but  not  nearly  so  rapidly  as 
ethyl  nitrite. 

Absorption,  Course,  and  Excretion. 

Nitrous  acid  decomposes  very  rapidly,  but  it  is  not  so 
quickly  destroyed  that  absorption  from  the  stomach  cannot 
take  place  when  it  is  taken  internally.  When  absorbed  it 
is  no  doubt  at  once  converted  into  an  alkaline  nitrite,  for  it 
can  replace  carbonic  acid  in  its  sodium  compounds  and 
convert  normal  sodium  phosphate  into  acid  phosphate, 
sodium  nitrite  being  at  the  same  time  formed. 

Sodium  Nitrite. 

When  mixed  with  artificial  gastric  juice  and  put  in  an 
incubator  at  30°  C,  solutions  of  sodium  nitrite  are  rapidly 
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decomposed  and  nitrous  fumes  given  off,  and  all  nitrite 
disappears  in  about  twenty  minutes.  The  same  change 
takes  place  in  the  stomach,  as  is  testified  by  the  nitrous 
eructations  which  at  times  follow  the  administration  of 
sodium  nitrite.  Probably  some  of  the  nitrite  of  sodium  is 
absorbed  as  well  as  some  of  the  nitrous  acid  produced  by 
its  partial  decomposition,  the  relative  amounts  depending 
on  the  acidity  of  the  stomach  at  the  time  of  administra- 
tion. Manifestly  it  very  quickly  passes  from  the  stomach 
into  the  system,  for  its  effects  on  the  circulation  are  usually 
distinctly  visible  in  from  two  to  five  minutes.  A  portion  of 
the  nitrite  taken  is  excreted  in  the  urine  unchanged.  I 
have  found  it  after  a  dose  of  6  grains  of  sodium  nitrite. 
After  smaller  doses  I  have  been  unable  to  detect  it,  but  the 
test  for  nitrites  in  the  urine  is  not  so  delicate  as  in  water, 
and  minute  quantities  will  in  acid  urine  be  rapidly 
destroyed.  Whether  nitrites  are  eliminated  in  the  saliva 
and  perspiration,  it  is  not  easy  to  say,  since  they  are  some- 
times found  there  normally,  but  they  can  certainly  be 
excreted  by  the  stomach  after  injection  into  the  circulation. 
Dr.  Gamgee  informs  me  that  in  a  dog  poisoned  by  the 
injection  first  of  small  then  of  large  doses  of  sodium  nitrite 
into  the  jugular  vein,  the  contents  of  the  stomach  examined 
immediately  after  death  were  found  by  him  to  give  clearly 
the  nitrite  reaction  with  the  metaphenylendiamine  test. 
The  contents  of  the  duodenum  and  jejunum  likewise  gave 
perceptible  nitrite  reaction.  Probably  only  a  small  amount 
is  thus  usually  excreted;  the  urine  in  the  dog  seemed  to 
contain  ten  times  as  much  nitrite  as  the  stomach  contents. 
Not  a  trace  of  nitrite  could  be  found  in  the  bile,  which  was 
also  carefully  examined.  In  another  dog  the  contents  of 
the  stomach  gave  a  strong  nitrite  reaction.  There  can  be 
no  doubt,  therefore,  that  the  stomach  is  capable  of  excreting 
as  well  as  absorbing  nitrites. 

It  is  certain,  however,  that  a  considerable  portion  of  the 
nitrite  taken  is  oxidised  into  nitrate.     Rohmann^  recovered 

^  Zeit.  /.  phys.  Chem.,  v.,  p.  233. 
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from  the  urine  as  nitrate  46  per  cent,  of  the  nitrite  of 
sodium  he  injected  into  a  rabbit,  and  in  the  case  of  a  dog 
36  per  cent.  In  what  manner  and  when  nitrates  are  formed 
from  nitrites  we  can  of  course  only  conjecture.  Binz 
suggests  that  the  nitrite  is  thus  broken  up. 

3HN02=H20+HN03  4-2NO. 

It  is  possible  that  such  a  change  takes  place  in  the 
tissues.  Yet,  as  I  have  previously  said,  we  have  no  proofs 
that  it  leads  to  the  phenomena  observed  when  muscles  are 
poisoned  by  nitrites.  It  certainly  seems  likely  that  the 
contact  of  unstable  molecules  like  ONO  with  the  ultimate 
elements  of  tissue  may  account  for  the  marked  and  rapid 
effects  of  nitrites  on  the  functions  of  some  tissues.  But  even 
if  the  breaking  up  of  nitrites  is  connected  with  activity  of 
function  it  does  not  follow  that  the  products  of  this  decom- 
position are  the  cause  of  altered  functions. 

There  seems  reason  for  believing  that  the  amount  of 
nitrate  and  nitrite  excreted  does  not  account  for  all  the 
nitrite  taken,  and  it  has  been  suggested  t^at  reducing 
agents  in  the  body  may  convert  part  of  the  nitrite  taken  into 
ammonia.  No  proof  of  this  has  yet  been  given,  but  I  find 
that  in  blood  left  to  decompose,  nitrites  are  destroyed  by 
the  reducing  agents  developed  during  decomposition,  but 
no  trace  of  nitrate  can  be  found  when  the  nitrite  has  dis- 
appeared. 

Ethyl  Nitrite. 

Experiments  with  an  incubator  and  artificial  gastric 
juice  render  it  improbable  that  ethyl  nitrite  itself  is 
absorbed  from  the  stomach.  If  a  drachm  of  a  3  per  cent, 
solution  of  ethyl  nitrite  is  mixed  with  artificial  gastric 
juice  and  HCl  at  38°  C,  nearly  all  the  ethyl  nitrite  is  at 
once  dissipated,  but  some  nitrous  acid  is  formed.  In  fifteen 
minutes,  if  the  flask  remains  corked,  there  is  still  a  slight 
nitrite  reaction,  but  this  is  due  entirely  to  free  nitrous  acid. 
It  is  possible  that  some  of  the  ethyl  nitrite  which  is  set  free 
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when  a  3  per  cent,  solution  is  taken  into  the  stomach  may 
be  absorbed,  but  it  seems  more  likely  that  the  whole  of  the 
nitrite  element  of  the  ethyl  nitrite  ingested  is  taken  into 
the  circulation  as  nitrous  acid  and  combines  with  the  sodium 
of  the  blood. 

Nitrous  acid  acts  like  ethyl  nitrite.  I  gave  nitrous 
acid  to  two  men,  and  by  means  of  the  sphygmograph 
recorded  the  effect  on  the  circulation.  The  next  day  doses 
of  nitrous  ether,  containing  the  same  molecular  equivalent 
of  NO,  were  administered  to  them.  The  influence  on  the 
pulse  tracing,  both  as  regards  extent  and  duration,  was 
the  same  after  the  nitrous  acid  as  after  the  ethyl  nitrite. 

When  ethyl  nitrite  is  taken  internally  in  ordinary  doses 
the  alcohol  set  free  is  probably  not  in  sufficient  amount  to 
exert  any  physiological  influence. 

A-MYL  Nitrite. 

When  taken  into  the  stomach  amyl  nitrite  is  prob- 
ably broken  up,  but  more  slowly  than  ethyl  nitrite. 
How  far  any  undecomposed  amyl  nitrite  is  taken  into 
the  blood  we  do  not  know.  From  the  comparatively 
slight  effects  produced  by  amyl  nitrite  when  taken  in- 
ternally, I  am  inclined  to  think  but  little  is  absorbed.  When 
organic  nitrites  are  inhaled  they  act  much  more  rapidly  and 
powerfully.  They  quickly  reach  the  systemic  vessels  in  an 
undecomposed  state,  and  the  fatty  molecule  is  probably 
effective,  as  well  as  the  nitrite  molecule. 
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Chapter  III. 

PHAKMiVCOLOGY    OF   THE    NITRITES. 

Influence  of  Nituites  on  Blood. 

It  is  probable  that  nitrites  affect  more  or  less  all  the 
tissues  of  the  body,  but  the  most  distinctive  influence 
is  seen  on  the  blood  and  on  the  muscles.  Dr.  Gamgee, 
in  1868,  pointed  out  the  important  fact  that  on  the 
addition  of  nitrites  to  blood  the  colour  became  brown,  and 
the  spectrum  altered.  He  found  that  these  changes  were 
due  to  the  conversion  of  oxyhsemoglobin.  into  what  is  now 
known  as  methsemoglobin,  and  showed  that  this  conversion 
was  connected  with  a  locking  up  of  oxygen  in  the  new 
compound. 

Since  the  presence  of  methsemoglobin  in  the  blood  tends 
to  unfit  this  fluid  for  its  functions,  it  is  important  to  consider 
the  conditions  under  which  it  is  formed  by  nitrites,  and 
destroyed. 

In  blood  outside  the  body,  1  part  of  nitrite  to  500  of 
blood  causes  methsemoglobin  to  appear  at  once.  With  1  in 
1,000  I  have  found  it  in  three  or  four  minutes,  with  1  in 
10,000  after  a  few  hours,  but  it  is  not  in  sufficient  quantity 
to  be  detected  by  the  spectroscope  with  so  small  an  amount 
of  nitrite  as  1  in  20,000. 

According  to  Henocque,  ^  injection  of  a  few  centi- 
grammes of  a  nitrite  of  sodium  solution  into  the  peritoneal 
cavity  of  an  animal  causes  methsemoglobin  to  appear  almost 
imniediately,  and  its  effects  are  well  marked  in  a  minute, 
but  after  subcutaneous  injection  not  for  three  to  twenty 
minutes.  Given  by  the  stomach,  the  blood  changes  are 
still  more  slowly  produced. 

In  man,  10  to  12  grains  caused  in  one  case  blueness  of 

^  Comp,  Rendu,  de  Biol.,  v.,  p.  669. 
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the  lips,  doubtless  due  to  the  production  of  methsemoglobin, 
but  I  find  no  record  of  cyanosis  caused  by  a  small  single 
dose.  To  many  healthy  people  I  have  given  2  to  4  grains  of 
sodium  nitrite,  to  a  few  5  to  6  grains ;  to  many,  too,  I  have 
given  1  to  3  drachms  of  a  3  per  cent,  solution  of  ethyl  nitrite, 
but  I  have  never  seen  any  indication  that  the  production  of 
methsemoglobin  has  followed,  nor  have  I  seen  it  produced 
by  similar  doses  in  cardiac  or  pulmonary  dyspnoea  or  other 
ailments  in  which  I  have  used  the  nitrites,  notwithstanding 
that  I  have  given  2  to  3  grains  of  sodium  nitrite  every  two 
or  three  hours,  and  as  much  as  5  drachms  of  ethyl  nitrite 
solution  within  an  hour.  I  find,  however,  a  case  recorded 
in  which  after  a  drachm  of  nitrite  of  ethyl  solution  given 
every  three  hours  in  an  asthmatic  subject,  there  was  an 
appearance  of  cyanosis  after  the  fourth  dose,  which  is  said 
to  have  passed  away  after  the  drug  was  discontinued.  It 
is  by  no  means  certain  that  the  cyanosis  in  this  case  was 
due  to  the  nitrite  given. 

Methsemoglobin  in  the  circulating  blood  of  living 
animals,  unless  in  large  quantities,  is  quickly  disposed  of. 
Henocque  produced  methsemoglobin  in  rabbits  by  injecting 
various  quantities  of  sodium  nitrite,  and  by  frequent 
examinations  of  blood  from  the  ear  determined  the  time 
of  its  disappearance  from  the  blood.  He  finds  that  the 
methsemoglobin,  once  produced,  continues  for  a  time  vary- 
ing from  fifteen  minutes  to  an  hour  and  a  half.  Doubtless, 
however,  it  often  exists  a  much  longer  time.  After  large 
quantities  of  nitro-glycerine  had  been  introduced  into  the 
stomach  of  a  dog,  methaemoglobin  was  found  in  the  blood 
for  two  days. 

Henocque  thinks  that  the  methsemoglobin  may  be  trans- 
formed into  oxyhsemoglobin  in  the  respiratory  processes. 
In  blood  outside  the  body  methsBmoglobin  is  not  trans- 
formed into  oxyhsemoglobin  till  putrefaction  sets  in,  but  it 
seems  probable  that  the  contact  of  methaemoglobin  with 
living  tissues  causes  this  transference.      Dr.  Gamgee  has 
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sent  me  an  interesting  record  of  an  experiment  lie  lias  made 
which  bears  on  this  subject.  He  tied  one  aorta  of  a  frog, 
and  inserted  into  the  other  a  cannula  connected  with  a 
reservoir  containing  1  part  of  defibrinated  calves'  blood 
and  10  of  normal  salt  solution  in  which  methsemoglobin  had 
been  produced  by  the  addition  of  y^-th  of  its  volume  of  a 
1  per  cent,  solution  of  nitrite  of  amyl.  Into  the  sinus 
venosus  he  fixed  a  cannula,  which  was  connected  with  a 
flattened  glass  tube  allowing  of  spectroscopic  examination 
of  blood  flowing  through  it.  The  heart  pumped  blood  by 
which  it  was  fed  from  the  reservoir  through  this  glass  tube, 
and  hence,  by  an  india-rubber  tube  back  into  the  reservoir, 
continuous  circulation  of  the  methsemoglobin  blood  through 
the  heart  thus  taking  place.  Within  an  hour  he  found  that 
the  blood  seemed  brighter  and  the  methsemoglobin  band  less 
distinct.  In  twelve  hours  these  changes  were  still  more 
marked.  In  twenty-four  hours  the  methsemoglobin  band 
could  not  be  detected,  only  the  oxyhsemoglobin  bands  could 
be  seen.  The  heart  continued  to  work  vigorously,  the  beats, 
which  under  the  influence  of  methaemoglobin  blood  had 
fallen  from  8  to  5*5  in  15  seconds,  having  again  risen  to  the 
original  number.  This  experiment  seems  to  show  that  in 
contact  with  living  tissues  methsemoglobin  is  easily 
converted  into  oxyhsemoglobin,  the  nitrite  doubtless  dis- 
appearing at  the  same  time,  and  it  is  evident  that  methse- 
moglobin  does  not  interfere  seriously  with  the  power  of 
blood  to  nourish  the  heart  muscle. 

Outside  the  body  sodium  nitrite  seems  to  have  no  effect 
on  the  form  and  size  of  the  red  corpuscles.  From  what  has 
been  stated  it  is  manifest  that  we  have  no  cause  to  fear  the 
production  of  methaemoglobin  or  injury  to  the  blood  from 
the  medicinal  administration  of  nitrites. 

Influence  of  Nitrites  on  Skeletal  Muscle. 

With  regard  to  the  skeletal  muscle  tissue,  I  have  already 
indicated  the  nature  of  this  action.     The  presence  of  ONO 
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molecules  in  striated  muscular  tissue  tends  to  decrease  the 
contractile  power  and  the  duration  of  vitality.  A  solution 
containing  0*75  per  cent,  of  sodium  nitrite  kills  a  muscle  in 
15  minutes,  but  at  first  it  powerfully  irritates  it,  causing 
spontaneous  contractions.  A  weaker  solution,  1  in  1,000, 
quickly  diminishes  the  contractile  power  of  muscle,  and 
causes  it  to  die  in  thirty  to  forty  minutes.  The  same 
strength  of  potassium  nitrite  kills  muscle  even  more 
quickly,  for  the  potassium  element  is  also  injurious.  Some- 
times it  appears  as  if  a  primary  stimulation  effect  is 
produced  at  least  in  the  muscle  tissue  of  the  frog.  In  a 
series  of  observations  made  in  June,  July,  and  August,  this 
effect  was  a  rare 'occurrence,  whilst  in  another  series,  in 
April  and  May,  it  was  almost  always  seen,  and  was  found 
to  commence  within  a  few  minutes  after  exposure  of  the 
muscle  to  the  nitrite  solution.  It  lasted  about  fifteen 
minutes,  after  which  the  muscle  rapidly  died. 

A  muscle  exposed  to  1  in  5,000  of  sodium  nitrite  can 
only  be  made  to  contract  for  about  two  hours,  and  is  so 
injured  by  a  strength  of  1  in  6,000  that  it  dies  in  four  hours  ; 
but  1  in  20,000  seems  to  have  hardly  any  toxic  effect,  its 
contractile  power  continuing  after  exposure  to  this  strength 
for  twenty-four  hours.  It  is  worthy  of  remark,  however, 
that  the  alteration  in  the  function  and  vitality  of  muscle 
caused  by  sodium  nitrite  decreases  and  passes  away  with 
great  rapidity,  as  the  nitrite  in  contact  with  the  fibre  is 
lessened  in  quantity  or  removed. 

I  do  not  intend  to  notice  in  detail  the  influence  of  the 
organic  nitrites,  for  saline  solution  containing  these  com- 
pounds at  once  becomes  acid  from  their  decomposition. 
AYhen,  therefore,  muscle  is  immersed  in  normal  saline 
solution  containing  them,  it  is  impossible  to  say  how  far  the 
phenomena  observed  are  due  to  the  free  acid  or  to  the  nitrite 
itself.  I  may  point  out,  however,  that  1  in  1,000  of  amyl 
nitrite  in  saline  solution  is  fatal  to  a  muscle  in  forty 
minutes,  or  in  about  the  same  length  of  time  as  sodium 
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nitrite,  but  it  produces  a  certain  amount  of  contracture,  and 
I  found  the  contracture  still  present,  even  when,  by  the 
addition  of  a  minute  quantity  of  soda,  the  fluid  was  kept  as 
nearly  as  possible  neutral. 

Action  on  Invglitntary  Muscle. 

On  involuntary  muscle,  both  in  cold-blooded  and  warm- 
blooded animals,  nitrites  have  a  powerful  paralysing  effect. 
This  can  be  shown  by  perfusing  alternately  a  pure  saline 
solution,  and  one  containing  a  small  quantity  (1  in  1,000)  of 
a  nitrite  through  the  vascular  system  of  a  tortoise  after 
decapitation.  When  saline  is  perfused  a  fairly  equal  flow 
is  soon  established ;  when  the  saline  containing  nitrite  is 
passed  through,  the  flow  is  considerably  increased,  often  to 
the  extent  of  100  to  200  per  cent.  This  increase  can  only  be 
due  to  relaxation  of  the  vessel  walls.  When  the  nitrite 
saline  is  replaced  by  pure  saline,  the  vessels  contract  again, 
and  the  flow  becomes  less.  The  further  perfusion  of  nitrite 
saline  again  increases  the  flow,  which  will  again  decrease 
with  normal  saline. 

What  part  the  peripheral  ganglia  play  in  the  dilatation 
of  the  vessels  cannot  be  ascertained,  but  there  are  grounds 
for  believing  that  the  nitrite  influence  exercised  is  largely 
on  the  muscle  tissue  itself.  I  have  found  1  in  10,000 
quickly  double  the  flow  through  the  vessels  of  the  tortoise, 
and  Atkinson^  says  he  has  seen  1  in  100,000  increase  the 
flow  16  to  18  per  cent. 

One  in  1,000  of  nitrite  of  sodium  will  usually  increase 
the  flow  by  from  50  to  200  per  cent. 

The  dilatation  of  the  vessels  in  warm-blooded  animals 
may  be  shown  by  passing  through  excised  portions  first 

pure  blood  and  then  blood  containing  nitrites. 

When  a  solution  containing  1  in  1,000  of  sodium  nitrite 

^  The  Pharmacology  of  the  Nitrites  and  Nitro-glycerine,  Journ.  of  Anat. 
and  Phys.,  vol.  xxii.  I  desire  to  express  my  indebtedness  to  this  most 
valuable  paper  for  many  of  the  facts  set  forth  in  these  lectures.  With  one 
or  two  slight  exceptions  my  experiments  have  entirely  confirmed  those  of 
Dr.  Atkinson. 
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is  passed  through  the  kidney  vessels,  the  increased  blood 
flow  is  sometimes  enormous,  amounting  to  200  or  300  per 
cent.,  and  the  same  is  the  case  when  a  similar  solution  is 
passed  through  the  hind  quarters  of  an  animal  recently 
killed.  In  both  cases  the  vessels  contract,  and  the  flow 
diminishes  when  the  nitrite  is  replaced  by  normal  blood, 
and  is  increased  again  when  nitrite  blood  is  perfused. 

The  group  ONO  then  seems  to  have  a  very  powerful 
effect  in  causing  temporary  paresis  of  the  muscular 
structure  contained  in  the  arterial  walls,  and  hence  dilata- 
tion of  the  walls.  As  is  the  case  with  the  skeletal  muscles, 
the  effect  of  the  nitrite  ceases  at  once  when  it  is  removed 
from  contact  with  the  tissue  by  washing  through  with  pure 
blood,  and  no  evil  effect  is  left  behind.  I  believe  this  to  be 
an  important  point  to  bear  in  mind  in  the  therapeutic  use 
of  the  nitrites.  I  pointed  out  that  a  preliminary  stimula- 
tion was  not  infrequently  observed  when  the  gastrocnemius 
of  a  frog  was  exposed  to  a  very  weak  solution  of  sodium 
nitrite.  I  have  not  seen  evidence  of  such  primary  stimula- 
tion of  the  contractile  tissue  of  the  vessels  under  smaller 
quantities  of  the  nitrites,  but  I  have  seen  contractions  occur 
in  the  vessels  of  a  tortoise  with  a  0*75  per  cent,  solution, 
and  here  the  subsequent  perfusion  of  normal  saline  raised 
the  flow  perhaps  by  diluting  the  nitrite  poison  in  the  vessel 
walls. 

The  influence  of  the  nitrites  of  potassium,  barium, 
calcium,  and  strontium  I  have  only  tested  on  cold-blooded 
animals.  Potassium  itself  acts  in  the  same  direction  as  the 
nitrite  group,  that  is,  it  dilates  the  vessels ;  chloride  of 
potassium,  for  example,  in  dilute  solutions  always  causes  an 
increased  flow  through  the  vessels.  It  would  be  expected, 
therefore,  that  nitrite  of  potassium  would,  other  things 
being  equal,  dilate  the  vessels  of  an  animal  more  than 
sodium  nitrite,  and  this,  on  the  whole,  I  have  found  to  be 
the  case  ;  but  in  barium  and  calcium  we  have  metals  which 
cause  contraction  of  the  vessels,  and  antagonise  the  influence 
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of  the  group  ONO.  The  result  of  this  antagonism  resembles 
somewhat  that  which  has  been  described  as  taking  place  in 
the  gastrocnemius  of  the  frog.  When  relatively  strong 
solutions  of  barium  nitrite  are  used  marked  contraction 
occurs;  with  weaker  solutions  it  is  slight,  or  there  may 
even  be  dilatation. 

The  calcium  element  almost  antagonises  the  ONO 
group ;  relatively  strong  calcium  nitrite  solutions  show  tem- 
porary contraction  like  the  barium,  though  it  is  less  marked. 
Nitrite  of  ethyl  is  so  rapidly  converted  into  nitrous  acid  and 
alcohol  when  it  comes  in  contact  with  water  that  it  is 
impossible  to  determine  its  influence  on  vessels.  It  only 
dissolves  in  saline  solution  with  the  aid  of  a  little  alcohol, 
and  so  much  acid  is  produced  by  its  decomposition  that  1  in 
10,000  or  any  stronger  solution  causes  distinct  contraction 
of  the  vessels.  Dilatation  follows  the  circulation  of  1  in 
30,000,  but  this  may  be  due  to  the  faint  acidity  of  the  solu- 
tion, since  very  dilute  acids  are  said  to  dilate  vessels,  though 
stronger  acids  contract  them. 

Amyl  nitrite  is  only  soluble  in  saline  solution  when  a 
small  quantity  of  alcohol  is  added,  but  the  presence  of  a 
quantity  of  alcohol  sufficient  to  dissolve  1  in  10,000  of  amyl 
nitrite  does  not  influence  the  vessels.  I  find  that  whilst  1  in 
10,000  sometimes  contracts  and  sometimes  dilates  vessels, 
a  stronger  solution  always  contracts  them.  A  weaker  solu- 
tion, 1  in  20,000  to  1  in  30,000,  dilates  them  temporarily. 
It  is  impossible  to  eliminate  the  disturbing  influence  of  the 
acid  which  is  developed  when  amyl  nitrite  comes  in  contact 
with  water. 

We  have  some  evidence  that  nitrites  act  on  involuntary 
muscular  fibre  in  other  parts  in  the  same  manner  as  they 
act  on  that  which  surrounds  the  vessel  walls. 

Mr.  Cook,  in  some  experiments  made  under  Professor 
Stirling's  directions  in  the  Physiological  Laboratory  of  the 
Owens  College,  has  shown  that  1  part  of  sodium  nitrite  to 
1,000  of  saline  causes  diminution  of  the  spontaneous  con- 
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traction,  wliicli  naturally  takes  place  in  the  circular  fibre3 
of  the  frog's  stomach,  and  rapidly  paralyses  the  muscle. 
Atkinson,  too,  finds  that  a  1  per  cent,  solution  destroys  the 
contractility  of  the  intestinal  muscle  to  the  electric  current 
in  thirty  to  forty  minutes,  but  after  exposure  to  1  in  1,000 
for  three  or  four  hours  contractions  could  still  be  obtained. 

Atkinson  has  also  proved  that  muscular  tissue  in  the 
ureter  dilates  under  the  influences  of  nitrites  of  sodium.  If 
a  rabbit  be  killed,  and  placed  in  a  hot  chamber,  and  normal 
saline  run  through  the  ureter,  dilatation  of  a  marked 
character  occurs. 

Action  on  the  Heart  Muscle. 

It  can  be  shown  that  the  action  of  nitrites  on  the  heart 
muscle  of  the  frog  is  much  the  same  as  on  the  contractile 
tissues  of  the  vessels. 

In  the  apparatus  devised  by  Professor  Roy  it  is  possible 
to  determine  the  action  of  a  drug  on  the  muscular  tissue  of 
the  heart  alone.  On  feeding  the  ventricle  with  a  saline 
solution  from  a  reservoir  placed  above  it,  it  contracts  after 
a  while  regularly,  and  continues  to  do  so  for  a  long  time ; 
on  allowing  a  saline  solution  ^  containing  a  definite  quantity 
of  a  substance  to  be  tested  to  pass  through  the  ventricle, 
modifications  in  the  frequency  and  form  of  the  heart's 
contractions  will  indicate  the  pharmacological  activity  of 
the  substance,  so  far  as  the  muscle  wall  is  concerned.  The 
tracings  I  give  represent  the  average  effects  produced. 

Now  it  is  found  that  liquid  containing  1  part  of  sodium 
nitrite  in  1,000  of  saline  solution  first  quickens  the  action 
of  the  heart  for  two  or  three  minutes,  decreasing,  however, 
the  force  of  each  contraction,  but  afterwards  the  heart 
beats  more  slowly  as  well  as  less  powerfully,  and  in  ten 
minutes  stops  in  diastole.  One  in  5,000  also  quickens  the 
heart's  beat  for  a  few  minutes,  and  slightly  weakens  it ;  then 

^  By  saline  solution,  I  mean  in  the  case  of  a  heart  a  0*6  per  cent,  solution 
of  chloride  of  sodium,  containing  also  a  minute  amount  of  potassium  and 
calcium,  as  recommended  by  Dr.  Ringer. 
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it  slows  it,  but  the  heart  will  continue  to  live  for  two  hours. 
One  in  10,000  quickens  and  weakens  the  heart  for  twenty 
minutes,  but  in  other  ways  it  has  very  little  effect. 

When  the  nitrite  is  replaced  by  a  saline  solution  the 
heart  begins  beating  anew,  and  soon  regains  entirely,  or 
almost  entirely,  its  previous  vigour.  It  is  possible  to  start 
and  stop  the  heart  two  or  three  times  by  alternately  using  a 
saline  solution  and  a  saline  solution  containing  1  part  in 
1,000  of  nitrite.  The  diagram  (Fig.  123)  illustrates  the 
influence  of  sodium  nitrite  on  the  muscular  tissue  of  the 
heart. 

In  no  case  have  I  found  any  actual  increase  in  the  force 
of  the  individual  heart  beats.  Potassium  nitrite  acts  like 
sodium  nitrite,  only  the  weakening  effect  is  more  marked. 

When  a  molecule  of  calcium  instead  of  a  molecule  of 
sodium  is  combined  with  the  ONO  group,  a  slightly  different 
effect  is  produced.  With  1  in  1,000  the  action  is  much  the 
same  as  with  sodium  nitrite  of  the  same  strength,  except 
that  the  quickening  is  not  so  great.  With  1  in  10,000  there 
was  also  very  little  quickening ;  the  beats  are  squarer  at  the 
top.  Calcium,  as  Professor  Ringer  has  shown,  prolongs  the 
systole,  and  thus  renders  the  top  of  the  beats  squarer — that 
is,  as  Professor  Ringer  has  shown,  it  tends  to  prolong  the 
heart's  action.  Here,  as  is  usual  in  the  lime  compound 
with  ONO,  the  effect  of  the  calcium  is  best  seen  when  a  very 
dilute  solution  is  used. 

One  in  1,000  of  barium  nitrite  at  once  shortens  the 
height  of  contraction,  and  kills  the  heart  rapidly.  When 
the  heart  is  fed  with  1  of  barium  nitrite  in  2,000  of  saline, 
the  duration  of  systole  is  so  much  increased  that  full  diastole 
does  not  occur,  but  soon  the  action  of  the  heart  is  quickened 
and  weakened.  Eventually  the  barium  nitrite  acts  as  a 
poison  to  the  heart.     Fig.  124  illustrates  this. 

The  rapid  decomposition  which  amyl  nitrite  undergoes 
prevents  its  effects  on  the  heart  being  determined,  and  in 
saline  solutions  even  small  quantities  cause  the  fluid  to 
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become  acid.  When  blood  is  used,  however,  the  fluid  does 
not  become  acid,  and  the  influence  of  amyl  nitrite  on  the 
heart  muscle  can  be  determined.  Fig.  125,  taken  with 
Kronecker's  apparatus,  shows  well  the  influence  of  amyl 
nitrite  on  the  heart  muscle. 

It  will  be  seen  that  b}^  1  in  4,000  of  blood  the  beat  of  the 
heart  is  quickened ;  and  though  the  height  of  the  contrac- 
tions is  less,  there  can  be  little  doubt  that  the  heart  does 
more  work.  When  a  larger  quantity  of  amyl  (1  in  2,000) 
is  present,  the  contractile  power  of  the  heart  is  decreased, 
and  the  heart  beat  becomes  slower.  A  still  larger  amount 
stops  the  heart  in  diastole. 

The  outcome  of  experiments  on  the  heart  muscle  is  as 
follows.  The  molecules  of  the  ONO  group  in  whatever 
combination,  when  present  in  even  small  quantities,  tend 
to  quicken  the  contractions  but  to  weaken  them.  If  the 
solutions  coming  in  contact  with  the  heart  are  very  dilute, 
the  quickening  may  make  up  for  the  weakened  action,  and 
the  heart  probably  does  as  much,  it  may  be  more,  work  for 
a  short  time.  Stronger  solutions  containing  compounds  of 
ONO,  after  quickening,  weaken,  slow,  and  arrest  the  heart's 
contractions.  But  susceptible  though  the  heart  is  to  the 
influence  of  nitrites,  the  evil  influence  is  very  evanescent  if 
the  nitrite  molecules  be  removed. 

Influence  of  Nitrites  on  the  Nervous  System. 

The  nitrites  depress  the  functions  of  the  nerve  centres 
and  nerves,  but  not  to  the  extent  which  might  be  expected 
from  their  influence  on  the  muscles,  vessels,  and  heart. 
When  given  in  toxic  doses  they  cause,  in  both  cold  and 
warm-blooded  animals,  heaAdness  and  apathy.  In  man,  too, 
cerebral  depression  has  been  seen  after  toxic  doses.  Inhala- 
tion of  the  vapour  of  nitrous  ether  has  been  followed  by 
stupor,  and  after  nitrite  of  amyl  in  large  quantities  loss  of 
consciousness  has  occurred.  Such  effects  are  probably  due 
to  the  direct  influence  of  nitrites  on  the  cerebrum. 
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I  have  never  seen  a  narcotic  influence  exercised  by 
medicinal  doses  of  the  nitrites,  but  drowsiness  after  nitro- 
glycerine, which  acts  like  the  nitrites,  has  been  recorded.^ 
This  may  be  the  outcome  of  the  circulatory  disturbance  it 
causes ;  certainly  no  narcotic  efl'ect  has  to  be  feared  from  the 
use  of  nitrites.  The  sense  of  distension  and  throbbing  in 
the  head,  the  dizziness  and  the  headache  felt  by  some  after 
amyl,  ethyl,  or  sodium  nitrites  are  manifestly  due  to  cir- 
culatory changes ;  but  the  prolonged  headache,  which  does 
not  come  on  always  immediately,  but  may  last  for  twelve 
hours  or  more  after  some  nitrites  have  been  taken,  is 
probably  not  due  to  the  same  cause.  It  is  most  frequent 
after  amyl  and  isobutyl  compounds.  I  have  felt  it  myself 
after  both,  and  also  after  propyl  compounds,  but  not  after 
ethyl  nitrite  or  sodium  nitrite.  I  am  inclined  to  think  it 
is  caused  by  th^  alcoholic  radicles,  and  not  by  the  nitrite 
element,  for  other  amyl,  isobutyl,  and  propyl  compounds 
produce  the  same  kind  of  long  lasting  headache. 

Convulsions  in  the  lower  animals  are  rare  after  nitrites. 
They  are  said  to  have  occurred  in  man  after  the  injection 
of  amyl  nitrite.^  I  once  saw  twitching  of  the  eye  muscles 
accompany  a  syncopal  condition  which  followed  on  the 
administration  of  nitrite  of  amyl.  Brunton,  too,  alludes  to 
the  occurrence  of  a  slight  convulsive  attack  after  the  same 
drug.  It  seems  likely  that  such  attacks  are  connected  with 
syncope  or  slight  asphyxia  rather  than  with  a  direct  action 
of  the  drug  on  the  brain,  and  considering  the  rarity  of 
cerebral  disturbance  after  any  of  the  nitrites,  and  the  entire 
absence  of  fatality  when  they  have  appeared,  we  may,  I 
think,  safely  conclude  that,  though  the  nitrites  may  cause 
some  unpleasant  symptoms,  yet  their  influence  on  the  cere- 
brum is  no  bar  to  their  use  even  in  full  medicinal  doses. 

The  functions  of  the  cord  as  well  as  of  the  muscles  are  in 
frogs  depressed  by  nitrites,  both  its  reflex  and  conducting 

^  Murrell :  Nitro-glycerine  as  a  Re'inedy  in  Angina  Pectoris,  p.  17. 

^  Strahan,  Journ.  Ment.  Sci..  xxx.,  252.     There  is  some  doubt  if  these  con- 
vulsions were  altogether  due  to  the   injection. 
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power  being  diminislied,  the  latter,  according  to  Atkinson, 
mucli  more  slowly  than  the  former.  Dr.  H.  Wood  says  that 
the  diminution  of  reflex  activity  caused  by  amyl  nitrite  is 
never  preceded  by  functional  excitement.  In  man  othei 
symptoms  so  far  predominate  that  even  from  toxic  doses 
no  distinct  indication  of  an  effect  on  the  spinal  cord  has 
been  noticed. 

We  have  no  proof  that  the  motor  nerves  are  markedly 
influenced  by  the  nitrites ;  nor  are  the  nerve  endings 
especially  affected  by  them ;  at  least,  it  can  be  shown 
that  they  are  not  more  powerfully  depressed  than  are  the 
muscles.  On  exposing  a  muscle  to  a  solution  of  1  in  1,000 
of  sodium  nitrite,  and  recording  the  contractions  produced 
by  stimulation  of  the  muscle  and  nerve  alternately,  I  find 
that  the  relative  effect  of  the  strength  of  stimulation  is  con- 
tinuously maintained  until  the  death  of  the  muscle.  (See 
Fig.  116).  Xo  evidence  has  been  given  that  even  in  toxic 
doses  sensory  paralysis  is  produced,  or  that  the  application 
of  sodium  nitrite  paralyses  the  sensory  nerve  endings. 

To  determine  whether  it  possesses  any  analgesic 
influence  other  than  that  w^hich  arises  from  its  effect  on  the 
circulation,  I  have  tried  it  locally  and  generally  for  the 
relief  of  pain.  Locally  applied  I  have  not  found  it  possess 
the  slightest  soothing  influence.  I  have  given  it  internally 
in  doses  of  from  3  to  5  grains  for  the  relief  of  pain  in 
various  ailments,  but  save  in  the  case  of  pains  of  an  anginal 
character,  in  headache,  and  very  rarely  in  neuralgia,  I  have 
never  found  it  of  the  slightest  benefit.  In  all  cases  in  which 
it  was  given  with  relief  there  have  been  grounds  for  think- 
ing that  the  disappearance  of  the  pain  may  have  been  due 
to  circulatory  changes  or  to  suggestion.  It  has  failed  to 
relieve  pains  where  the  other  analgesics  have  succeeded. 
A  few  cases  are  indeed  recorded  in  which  the  local  applica- 
tion of  nitrite  of  amyl  and  nitro-glycerine  are  said  to  have 
removed  the  pain  of  toothache,  and  many  where  these  drugs 
have  relieved  headache  and  neuralgia,  but  such  ailments 
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are  so  capable  of  relief  by  vascular  alterations  and  mental 
influence  that  we  cannot,  in  the  absence  of  other  indications, 
infer  from  their  relief  that  amyl  nitrite  has  a  direct  anal- 
gesic influence. 

General  Influence  on  the  Circulation. 

I  have  already  alluded  to  the  action  of  nitrites  on  the 
contractile  tissue  of  the  vessel  walls  and  on  the  heart  muscle, 
but  the  general  influence  on  the  circulation  requires  further 
notice.  The  most  important  feature  of  this  influence  is  the 
lowering  of  arterial  tension.  Dr.  Brunton^  in  1870  showed 
that  the  lowering  of  tension  was  due  to  dilatation  of  the 
blood  vessels,  and  from  the  fact  that  this  dilatation  occurred 
even  after  section  of  the  cord,  he  came  to  the  conclusion  that 
the  nitrites  act  on  the  muscular  walls  of  the  arterioles, 
influencing  the  muscle  fibre  directly,  or  through  the  local 
ganglia.  This  view  was  controverted  by  Filehne^  on  the 
ground  that  section  of  the  sympathetic  interferes  with 
the  vascular  dilatation  produced  by  the  nitrite,  and  by 
Bernheim*^  because  after  arterioles  are  dilated  by  amyl 
nitrite,  they  may  be  made  to  contract  by  vasomotor  stimula- 
tion. 

The  Experiments  of  Meyer  and  Friedreich*  supported 
the  views  which  Brunton  had  expressed ;  they  found  that 
when  the  eifect  of  nitrite  of  amyl  is  restricted  to  the  brain 
it  does  not  bring  about  a  fall  of  pressure.  The  dilatation  of 
the  vessels  by  nitrites  when  the  brain  and  spinal  cord  have 
been  destroyed,  and  in  separated  organs,  which  can  only 
result  from  their  influence  on  the  vessel  walls,  is  of  course 
much  in  favour  of  the  view  that  they  lower  tension  by  their 
action  on  the  peripheral  vessels ;  and  Cash  ^  has  advanced 
further  evidence  that  the  effect  of  nitrite  in  reducing  tension 

^  Journ.  Anat,  and  Phys.,  vol.  v.,  p.  92, 

^  Pjluger's  Archiv.,  vol.  ix.,  p.  470. 

^  Pfiuger's  Archiv. y  vol.  viii.,p.  253. 

*  Archiv.  f.  ex.  Path,  und  Pharm.,  vol.  v.,  p.  55. 

^  Proceedings  Royal  Soc,  1891. 
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is  the  result  of  its  action  on  the  vessels.  Like  Meyer  and 
Friedreich,  he  finds  that  nitrite  of  amyl  produces  no  effect 
on  the  circulation  when  its  influence  is  restricted  to  the 
brain;  but  he  has  further  shown  that  if  the  head  of  an 
animal  be  cut  off  from  the  circulation,  inhalation  of  pure 
amyl  nitrite  causes  a  rapid  fall  of  pressure,  which  cannot 
therefore  be  due  to  influence  on  the  vasomotor  centre.  He 
also  points  out  that  after  reduction  of  tension  by  division 
of  the  splanchnic  nerves,  the  nitrites  cause  a  further  fall 
of  pressure. 

Besides  reducing  the  tension,  the  nitrites  usually 
quicken  the  pulse,  and  this  quickening  is  generally  accom- 
panied, if  the  dose  be  small,  by  such  an  apparent  increase 
in  force  as  to  give  the  impression  that  a  stimulant  effect  on 
the  heart  has  been  produced,  for  the  pulse  feels  fuller  and 
more  distinct.  Yet  experimental  evidence  indicates  that 
nitrites  do  not  strengthen  the  actual  force  of  the  heart's 
beat,  and  that  they  are  capable,  even  in  comparatively  small 
amounts,  of  weakening  the  cardiac  contraction. 

The  question  whelier  nitrites  are,  as  Dr.  Reichert^ 
strongly  maintains,  real  cardiac  stimulants  or  not  is  an 
important  one,  for  we  find  nitrites  recommended  not  only 
where  tension  is  high  and  relief  might  be  expected  from 
drugs  which  lower  it,  but  in  syncope,  heart  failure  from 
chloroform,  and  other  conditions  in  which  a  stimulant  is 
indicated  rather  than  a  tension  reducer,  and  in  which  any 
drug  which  greatly  depresses  the  heart  might  produce 
serious  consequences. 

It  may  be  well  if  I  state  the  main  facts  concerning  the 
effect  of  nitrites  on  the  heart  which  bear  upon  this  question. 
As  I  have  shown,  nitrites  in  the  isolated  frog's  heart  cause 
acceleration  of  beat  for  a  short  time,  though  the  contractions 
are  rendered  somewhat  less  powerful  and  afterwards  slower. 
Atkinson  employed  1  of  nitrite  to  10,000  of  blood,  and, 
using  Williams'  apparatus,  noticed  a  rise  in  pressure  for 
^  Reichert :  (Am.  Journ.  of  Med.  Sn.,  July,  1880,  p.  168). 
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some  minutes,  which  he  attributes  to  a  quickened  action  of 
the  heart ;  it  was  followed  by  a  slow  fall  and  death  in  forty 
to  sixty  minutes. 

With  1  in  20,000  the  rise  due  to  quickened  action  lasted 
ten  to  fifteen  minutes.  In  no  case  has  any  actual  increase 
in  the  force  of  the  heart's  contraction  been  observed.  But 
the  total  work  of  the  heart  may  be  augmented  by  the 
increased  rapidity  of  beat.  We  may  presume  that  a 
quickening  of  the  heart's  action  similar  to  that  in  frogs 
takes  place  in  mammals  from  the  direct  action  of  the  nitrite 
on  the  heart  muscle,  but  here  a  further  quickening  is  pro- 
duced by  the  paralysing  influence  which  nitrite  can  be 
shown  to  exercise  on  the  vagus  centre.  In  mammals,  then, 
as  in  frogs,  no  evidence  has  yet  been  obtained  that  the 
individual  beats  of  the  heart  are  strengthened  by  nitrites, 
although  at  first,  acting  more  rapidly,  it  may  do  more  work 
in  a  given  time.  But  the  increase  in  rapidity  does  not  make 
up  for  the  weakened  muscular  power  and  dilatation  of  the 
vessels,  and  the  tension  falls.  Only  one  observer,  Reichert,  ^ 
records  a  slight  rise  in  tension  after  the  introduction  of 
nitrites  into  the  circulation,  and  this  for  not  more  than 
half  a  minute. 

If,  as  experiments  seem  to  show,  the  effect  of  nitrites  is 
only  to  quicken  the  heart's  action  and  not  to  increase  the 
force  of  its  individual  contractions,  how  are  we  to  account 
for  the  markedly  greater  distinctness  of  the  pulse  which  is 
so  often  noted  after  nitrites,  and  for  the  increased  height  in 
the  upstroke — the  so-called  ''  percussion  wave  " — of  the 
tracing  which  is  almost  invariably  seen  after  small  doses 
of  nitrites  ?  Probably  two  causes  contribute  to  this  :  (1) 
Owing  to  the  dilatation  of  the  arterioles,  the  collapse  of  the 
artery  is  more  complete  after  a  dose  of  nitrite  than  before 
it,  and  the  difference  between  systole  and  diastole  of  the 
artery  is  more  marked  both  to  the  finger  and  in  the 
tracing.     (2)  The  radial  artery  undergoes  greater  dilata- 

1  Reichert  {Am.  Journ.  of  Med.  Sci.,  July,  1880,  p.  170). 
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tion  owing  to  the  relaxation  of  its  walls  under  nitrite 
influence.  The  pulse,  therefore,  becomes  larger  during 
systole,  and  the  difference  between  the  calibre  of  the  artery 
in  systole  and  diastole  being  augmented,  it  is  felt  to  be 
more  distinct  and  more  full. 

Pick  many  years  ago  suggested  that  arterial  dilatation 
might  in  a  reflex  manner  give  rise  to  increased  force  of 
heart  beat.  If  this  were  the  case,  we  ought  to  find  in  the 
manometrical  tracing  taken  from  the  carotid  of  a  dog  under 
the  influence  of  a  small  dose  of  sodium  nitrite  that  the  fall 
in  tension  is  accompanied  by  an  increase  in  the  excursions, 
corresponding  to  the  individual  heart  beat ;  but  this  is  not 
so,  and  until  we  have  more  evidence  we  must  conclude  that 
though  the  heart  may  do  more  work  in  a  given  time,  the 
force  of  the  cardiac  contractions  is  not  increased  by  nitrites. 

Although  we  have  no  proof  that  nitrites  will  increase 
the  force  of  the  heart's  beat,  we  have  experimental  evidence 
that  they  are  competent  to  weaken  it,  and  faintness  is 
occasionally  complained  of  after  nitrites.  The  inhalation 
of  amyl  nitrite  and  large  doses  of  sodium  and  ethyl  nitrite 
are  capable  of  producing  it. 

On  one  occasion  I  myself  suffered  from  a  very  marked 
syncopal  attack  after  taking  a  large  dose  of  ethyl  nitrite. 
Whilst  my  tracing  was  being  taken  I  suddenly  felt  faint, 
the  heart  beat  became  slow  and  the  excursion  smaller ;  then 
a  prolonged  intermission  occurred  and  faintness  compelled 
me  to  lie  down ;  the  slow  beat  continued  for  some  minutes 
after  the  faint  feeling  had  disappeared. 

I  may  mention,  in  passing,  a  curious  result  which 
followed  from  publishing  in  the  British  Medical  Journal  a 
warning  with  regard  to  this  effect,  without  stating  that  I 
was  myself  the  subject  of  the  experiment.  A  year  or  two 
after  the  record  appeared,  an  anonymous  novel  was  pub- 
lished, purporting  to  show  that  in  consequence  of  vivi- 
section being  allowed,  hospital  physicians  and  surgeons 
experimented  upon  their  patients  in  a  horrible  manner; 
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and  subsequently  an  appendix,  called  '^  Dying  Scienti- 
fically "  was  issued,  giving  the  sources  from  which  had  been 
culled  the  heart-rending  illustrations  of  the  barbarity  of 
hospital  physicians  and  surgeons  with  which  the  novel  was 
filled. 

Lighting  accidentally  upon  this  book  some  time  after- 
wards, I  was  amused  to  find  that  the  experiment  upon 
myself  was  one  of  the  bases  of  the  attack  made  on  hospital 
physicians  and  surgeons.  ''  Who,"  it  was  asked,  ''  were  the 
patients  on  whom  such  experiments  were  tried ;  and  where 
were  they  found  if  not  in  the  .  .  .  Infirmary  ?"  And 
so  the  trial  of  the  drug  on  myself  was  put  down  as  proof  of 
the  dangerous  experiments  made  by  hospital  doctors  upon 
their  patients.  This  is  but  another  example  of  the  way  in 
which  anti-vivisectionist  writers  get  at  the  "  facts  "  where- 
with they  try  to  influence  the  public  mind. 

I  have  never  myself  seen  any  tendency  to  syncope  after 
3-grain  doses  of  sodium  nitrite,  although  I  have  given  this 
amount  extensively.  It  has,  however,  been  known  to  occur 
after  this  and  larger  doses. 

In  deciding  whether  the  nitrites  can  play  the  part 
of  cardiac  stimulants,  it  is  well  to  bear  in  mind  the 
resemblance  and  differences  between  their  action  on  the 
circulation  and  that  of  alcohol.  Both  dilate  the  vessels. 
Alcohol,  like  the  nitrites,  increases  the  frequency  and — to 
the  finger — the  force  of  the  pulse;  but  though  experi- 
menters are  not  agreed  as  to  whether  it  increases  either 
the  power  of  the  heart's  contraction  or  the  amount  of  work 
it  does,  all  hold  that  alcohol  in  large  amounts  decreases 
the  heart's  power.  In  these  points  there  is  considerable 
likeness  between  the  action  of  alcohol  and  that  of  the 
nitrites.  The  difference  between  the  two  seems  to  be  that 
the  nitrites  are  far  more  rapid  and  seemingly  more 
evanescent  in  their  action.  They  quicken  the  beats  more 
markedly,  and  dilate  the  vessels  more  quickly  and  com- 
pletely.    They  far  more  readily  depress  the  action  of  the 
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heart.  On  the  whole,  it  seems  to  me  we  must  accord  to 
nitrites  in  small  doses  a  certain  degree  of  that  kind  of 
stimulating  power  which  we  attribute  to  alcohol,  but  it  is 
exercised  much  more  quickly,  passes  away  more  rapidly, 
and  is  far  more  readily  followed  by  decreased  cardiac  power 
than  is  alcohol. 

There  are  several  points  of  considerable  practical 
interest  to  be  noted  with  regard  to  the  effects  of  nitrites  on 
ihe  tension  and  the  rate  of  the  pulse  and  on  the  regularity 
of  the  heart  beat.  The  influence  of  nitrites  in  the  relief  of 
disease  is  closely  associated  with,  if  not  dependent  on,  its 
tension-reducing  powers.  It  is  important,  therefore,  we 
should  know  how  quickly  the  effects  of  the  various  nitrites 
on  tension  are  produced,  and  how  long  we  may  expect  them 
to  last. 

Changes  in  arterial  tension  are  not  often  indicated  by 
subjective  phenomena,  and  their  extent  and  duration  can 
only  be  measured  by  the  sphygmograph.  With  this  in- 
strument I  have  tried  by  means  of  tracings  taken  frequently 
to  estimate  the  time  at  which  it  reaches  its  lowest  point  and 
it?  duration. 

The  influence  of  amyl  nitrite  on  the  pulse  commences 
a  few  seconds  after  inhalation.  (Fig.  131).  The  tension  is 
reduced  to  its  lowest  point  in  40  to  60  seconds,  and  remains 
extremely  low  for  30  or  40  seconds,  the  pulse  waves  being 
reduced  in  size  and  sometimes  irregular.  Then  it  rises  again, 
occasionally  suddenly,  and  in  a  minute  and  a  half  to  two 
minutes  it  is  onlv  a  little  lower  in  tension  than  it  was  before 
the  inhalation.  This  slight  lowering  may  continue  for 
several  minutes.  Isobutyl  and  isopropyl  (Fjg.  129)  nitrites 
when  inhaled  act  almost  like  amyl  nitrite. 

Sir  B.  W.  Richardson,  to  whom  we  are  so  much  indebted 
for  knowledge  concerning  amyl  nitrite,  has  drawn  attention 
to  the  fact  that  when  amvl  nitrite  is  taken  internally  its 
effects  are  much  slighter,  though  more  prolonged,  than 
when  inhaled.     Instead  of  the  tension  falling  at  once  and 
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recovering  in  two  minutes,  it  falls  gradually  for  usually 
twenty  to  twenty-five  minutes,  remains  low  a  short  time, 
then  rises  to  its  normal  height  an  hour  to  an  hour  and  a 
half  after  the  dose  has  been  taken.  (Fig.  182).  Because 
amyl  nitrite  is  such  a  powerful  agent  when  inhaled,  one 
drop  is  regarded  as  the  proper  dose,  but  this  is  a  mistake ; 
3  to  5  minims  may  be  required  to  produce  about  the  same 
effect  as  that  which  follows  2  gTains  of  sodium  nitrite. 

A  small  dose  of  sodium  nitrite  (2  grains)  distinctly 
affects  the  pulse  in  two  or  three  minutes,  the  point  of  lowest 
tension  is  usually  reached  in  eight  to  forty  minutes,  and 
distinct  influence  on  tension  ceases  in  from  one  to  three 
hours.  (Figs.  126 — 127).  Ethyl  nitrite  has  much  the  same 
effect,  and  on  the  whole  lasts  as  short  a  time.     (Fig.  128). 

I  shall  not  here  allude  to  the  action  of  other  metallic 
nitrites,  since,  with  the  exception  perhaps  of  the  strontium 
salt,  they  are  unlikely  to  prove  useful  remedial  agents. 
The  combination  of  cobalt  with  potassium  I  once  thought 
might  prove  useful,  but  its  effects  are  unreliable,  because 
its  decomposition  is  so  greatly  modified  by  the  condition 
of  the  stomach. 

I  have  used  the  term  duration  of  action  to  signify  the 
period  between  the  time  the  drug  is  taken  and  the  time  at 
which  the  tracing  first  becomes  normal,  but  this  may  not  be 
the  real  limit  of  the  action  of  nitrites  on  the  vascular  system. 
It  is  quite  possible  that  some  vessels,  as  for  example  those 
of  the  brain,  may  continue  dilated  after  others  have 
assumed  their  normal  condition. 

After  the  tension  becomes  normal  it  sometimes  falls 
again  slightly,  and  I  have  noticed  small  oscillations  in 
tension  for  a  short  time.  How  long  they  last  I  do  not  know, 
for  they  merge  gradually  into  those  minor  differences  which 
are  observed  in  normal  pulse  tracings.  For  practical 
purposes  we  may  look  on  the  influence  of  the  nitrite  as 
ended  when  the  pulse  first  reaches  its  normal  tension. 

The  following  table  gives  a  general  idea  of  the  influence 
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on  pulse  tension  and  frequency  of  the  two  nitrites  and  nitro- 
glycerine in  small  doses.  Four  observations  on  each  drug 
have  been  selected  from  a  large  number  to  illustrate  the 
variations  which  occur  in  their  action. 
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It  has  been  suggested  that  after  the  lowering  of  tension 
by  the  nitrites,  reaction  may  occur  and  the  tension  may  rise 
above  the  normal.  Though  I  have  looked  for  such  rise  I 
have  found  no  distinct  evidence  of  it. 

Many  conditions  influence  the  amount  of  fall  in  tension 
and  its  duration.  In  people  with  high  tension  pulses  the 
fall  is  less  in  degree  and  duration  than  in  those  with  a 
circulation  of  low  tension;  in  those  who  constantly  take 
nitrites  the  influence  of  the  drug  on  the  circulation,  though 
not  lost,  is  distinctly  lessened. 

Though  people  vary  very  much  in  susceptibility,  I  have 
never  seen  anyone  entirely  unaffected  by  such  a  dose  as 
two  grains  of  sodium  nitrite  or  the  inhalation  of  amyl 
nitrite ;  but  when  the  tension  is  very  high,  and  sometimes 
during  dyspnoeic  attacks  the  effect  may  be  very  slight. 

The  administration  of  10  to  15  grains  of  bicarbonate 
of  soda  with  the  nitrite  delays  the  appearance  of  decided 


101 

lower  tension  for  a  few  minutes  (6  to  10)  and  seems  to 
lengthen  somewhat  the  time  during  which  the  drug  acts. 

A  point  of  great  interest  in  the  action  of  the  nitrites  is 
the  minuteness  of  the  amount  which  will  aifect  the  circula- 
tion ;  one-sixteenth  of  a  grain  of  nitrite  of  sodium  produces 
a  distinct  effect  on  the  pulse  in  most  people. 

The  eifect  on  the  circulation  does  not  increase  so  much 
as  we  should  expect  with  the  size  of  the  dose.  Two  grains 
of  sodium  nitrite  of  course  lower  the  tension  more  and  for 
a  longer  time  than  y^th  grain,  yet  the  influence  is  not 
proportionate  to  the  difference  in  dose.  Four  to  six  grains, 
again,  lower  the  tension  a  little  more,  and  sometimes  for 
half  an  hour  longer,  than  two  grains,  but  here  again  the 
effects  are  not  in  proportion  to  the  increased  size  of  dose, 
and  they  commence  no  earlier. 

The  cause  of  the  difference  between  the  action  of  amyl 
nitrite  when  inhaled  and  when  taken  by  the  mouth 
probably  depends  upon  the  fact  that,  when  inhaled,  the 
whole  nitrite  of  amyl  molecule  comes  at  once  in  contact 
with  the  vessel  walls  in  the  systemic  system.  Now  amyl 
in  very  small  doses  dilates  the  vessels  as  a  nitrite  does,  and 
quite  possibly  the  amyl  molecule  accentuates  the  action  of 
the  nitrite  molecule.  Cash  finds  that  the  composition  and 
constitution  of  the  fatty  molecules  has  a  distinct  effect  on 
the  tension  reducing  power  of  the  corresponding  nitrite. 

The  quickening  of  the  pulse  after  amyl  nitrite  is  very 
marked,  a  rise  from  20  to  30  beats  being  common.  After 
nitrite  of  sodium  and  nitrite  of  ethyl  in  small  doses,  there 
is  usually  slight  quickening,  but  it  is  not  always  present. 
It  is  very  difficult,  however,  to  estimate  the  influence  of  a 
drug  on  the  rapidity  of  the  pulse,  since  the  frequency  of  the 
heart's  action  is  so  easily  influenced  by  slight  circumstances. 
A  decreased  frequency  of  the  pulse  is  sometimes  seen  after 
nitrites,  but  this,  with  small  doses  at  least,  is  never  con- 
siderable. After  poisonous  doses,  marked  slowing  of  the 
heart  has  been  in  some  cases  noted.     This  may  be  due  to 
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tlie  direct  influence  of  the  drug  upon  the  heart.  It  will  be 
remembered  that  nitrites  render  the  beat  of  the  isolated 
heart  slow,  after  first  quickening  it. 

Irregularity  of  the  heart's  action  has  been  observed  after 
the  administration  of  nitrites,  and  in  a  few  cases  extreme 
irregularity  has  been  reported  after  large  doses  of  sodium 
nitrite  and  inhalation  of  amyl  nitrite.  Using  small  doses 
of  the  sodium  compound,  I  have  never  seen  any  marked 
irregularity  result.  In  two  or  three  instances  out  of  forty 
or  fifty  in  which  the  pulse  has  been  watched  carefully  for 
many  hours  after  sodium  or  ethyl  nitrite,  slight  inter- 
mission and  irregularity  have  occurred,  which  had  not  been 
recorded  before  the  nitrite  was  given.  Slight  irregularity 
of  the  pulse  is  common  after  the  inhalation  of  amyl, 
isobutyl,  and  propyl  nitrite. 

On  the  other  hand,  I  have  met  with  at  least  four  cases  in 
which  an  irregular  action,  fairly  marked  before  the 
administration  of  nitrites,  became  distinctly  less  or  dis- 
appeared entirely  when  nitrites  were  given.  I  have  never 
seen  it  seriously  increased,  and  I  am  quite  sure  the  irregu- 
larity of  the  pulse  is  no  bar  to  the  administration  of  nitrites 
when  for  other  reasons  they  are  called  for.  Amyl  nitrite 
markedly  dilates  the  vessels  of  the  face,  neck,  and  upper 
part  of  the  chest,  but  evidence  of  its  cutaneous  influence  is 
not  usually  seen  in  other  parts  of  the  body. 

Flushing  of  the  face  is  not  common  after  either  sodium 
or  ethyl  nitrite,  yet  in  some  cases  it  occurs  to  a  slight  extent,, 
and  in  one  exceptional  case  I  have  known  a  slight  diffused 
redness  over  the  body  as  well  as  the  face  follow  3  grains  of 
sodium  nitrite. 

Influence  on  Respiration. 

Xmjl  and  alkaline  nitrites  in  the  lower  animals  first 
increase  the  depth  and  frequency  of  the  respiratory  move- 
ments, though  toxic  doses  paralyse  respiration  before  the 
heart  ceases  to  beat.  We  may  assume,  then,  that  medicinal 
doses  will  tend  to  stimulate  respiration,  so  far  at  least  as 
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the  respiratory  centre  is  concerned.  The  manner  in  which 
the  nitrites  affect  the  pulmonary  circulation  requires 
further  consideration.  To  ascertain  the  state  of  the  pul- 
monary circulation  after  amjd  nitrite,  Filehne^  made  an 
opening  in  the  chest  wall,  leaving  the  costal  pleura,  which 
in  the  rabbit  is  very  translucent,  intact.  On  giving  nitrite 
of  amyl  he  saw  no  congested  condition  of  the  lung,  and  came 
to  the  conclusion  that  the  lung  vessels  are  not  affected  by 
this  drug.  From  this  it  would  follow  that  the  vessels  of 
the  lung  are  not  influenced  by  a  nitrite  like  those  of  the 
kidney,  skin,  and  extremities.  To  determine  whether  this 
is  so  or  not,  a  cat  was  killed  by  chloroform,  and  immediately 
after  death  placed  in  a  warm  chamber ;  the  chest  was  then 
opened,  and  an  inflow  tube  fixed  in  the  pulmonary  artery, 
and  an  outflow  tube  in  the  left  auricle.  The  inflow  tube 
was  connected  with  two  reservoirs  of  blood,  to  one  of  which 
1  part  in  4,000  of  nitrite  of  sodium  had  been  added  to  pure 
blood,  and  the  pure  and  nitrite  blood  were  allowed  alter- 
nately to  pass  through  the  lung  tissue,  the  effluent  blood 
from  the  pulmonary  veins  being  measured  by  means  of  the 
tube  placed  in  the  left  auricle.  The  pressure  in  the  lungs 
was  kept  constant  by  attaching  a  tube  on  the  trachea  to  a 
manometer  and  air  reservoir.     (Fig.  134). 

It  will  be  seen  from  the  diagram  that  whilst  the  rate  of 
flow  with  normal  blood  was  2j  c.c.  per  minute,  directly 
sodium  nitrite  was  introduced  an  increase  to  5  cc.  took 
place.  On  continuing  the  perfusion  of  the  nitrite  a  rise  to 
27  c.c.  per  minute  occurred;  a  change  to  normal  blood 
brought  the  flow  back  again  to  8  c.c.  The  nitrite  caused 
the  colour  of  the  lung  to  change  to  a  chocolate  brown.  I 
have  repeated  the  experiment  several  times,  with  varied 
conditions  as  regards  pressure,  etc.,  but  always  with  a 
similar  result,  and  I  think  there  can  be  no  doubt  that 
sodium  nitrite  influences  the  vessels  of  the  lung  like  the 
other  vessels  of  the  body.     Similar  dilatation  was  produced 

*  P/iiiger^s  Archiv.,  vol.  ix.,  p.  478. 
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in  other  experiments  by  introducing  nitrite  of  amyl  into 
the  trachea.  (Fig.  135).  In  all  cases  a  second  perfusion  of 
the  nitrite  again  increased  the  flow. 

If,  as  we  have  every  reason  to  suppose  from  these 
experiments,  the  administration  of  nitrites  is  followed  by 
temporary  dilatation  of  the  vessels  of  the  lung,  the  work  of 
the  right  heart  may  be  relieved  by  them,  and  it  seems  to 
me  quite  possible  that  some  of  the  good  results  observed 
from  nitrites  in  dyspnoeic  attacks  may  be  the  direct  result 
of  the  relief  thus  given  to  the  smaller  circulation. 

Digestive  Organs. 

The  effect  of  nitrites  on  the  digestive  organs  varies 
greatly  in  different  individuals,  usually  after  the  ingestion 
of  sodium  or  ethyl  nitrite  slight  eructations  of  nitrous  gas 
occur.  To  some,  nitrites  act  as  powerful  gastric  irritants, 
the  smallest  quantity  causing  sickness  and  diarrhoea.  It 
is  easy  to  understand  the  cause  of  stomach  irritation  when 
nitrites  are  taken  by  the  mouth,  for  nitrous  acid  is  always 
at  once  set  free,  and  to  some  it  acts  as  an  irritant,  though 
most  people  tolerate  it  in  small  quantities,  and  feel  no 
discomfort  from  its  temporary  presence.  Where  even 
inhalation  causes  stomach  irritation  and  diarrhoea  it  is 
probably  due  to  excretion  of  nitrites  by  the  gastro-intestina] 
tract. 

Urinary  Organs. 

From  the  dilatation  of  the  kidney  vessels  which  nitrites 
cause  we  should  naturally  expect  that  increase  in  urinary 
secretions  would  follow  their  use,  and  doubtless  such  in- 
crease does  at  times  occur.  Murrell  has  seen,  after  the 
administration  of  nitro-glycerine  (which  acts  like  a  nitrite) 
to  a  patient  with  epispadias,  an  immediate  increase  in  the 
flow  from  the  ureter,  and  nitrous  ether  has  long  had  the 
repute  of  being  a  diuretic ;  nevertheless,  neither  in  animals 
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nor  men  can  it  be  shown  that  any  of  the  nitrites  con- 
tinuously or  greatly  influence  the  urine  flow. 

In  some  careful  experiments  made  on  animals  Atkinson 
found  that  small  doses  of  nitrite  of  sodium  either  do  not 
affect  the  urine  at  all,  or  sometimes  slightly  diminish,  some- 
times slightly  increase  it,  but  large  doses  always  decrease 
it.  The  urea  and  uric  acid  secretion  were  practically 
unaffected.  In  a  series  of  cases  I  have  tried  to  ascertain 
the  influence  of  continuous  doses  of  the  nitrite  of  sodium 
on  the  kidneys  in  man. 

In  twelve  non-febrile  cases  free  from  cardiac  and  kidney 
disease  I  noted  the  influence  of  3  grains  of  sodium  nitrite 
given  three  times  daily  on  the  excretion  of  water  during 
•one  week,  and  compared  it  with  the  amount  excreted  in  the 
week  immediately  preceding  and  the  week  immediately 
following  the  exhibition  of  the  nitrite.     Seven  passed  more 
when  the  nitrite  was  given,  five  rather  less.     In  only  one 
was  the  increase  very  distinct ;  here  it  amounted  to  9  ounces 
per  diem,  and,  as  in  the  week  following  the  nitrites  the 
increased  flow  was  in  part  maintained,  it  is  not  quite  certain 
whether  the  nitrites  were  altogether  responsible  for  it.     In 
a  second  case  there   was   a   distinct  but  not  very  great 
augmentation,  averaging  5  ounces   daily,  which  was  not 
maintained  when  the  nitrites  were  stopped.       In  all  the 
other  cases  the  difference  between  the  quantity  passed  before 
and  during  the  administration  of  the  nitrite  was  too  slight 
to  suggest  that  any  influence  was  exercised  by  it.     In  three 
cases  the  amount  passed  the  day  following  the  nitrite  was 
distinctly  increased.     In  these  two,  and  a  third  perhaps 
where  the  increase  was  distinct  though  less  marked,  it  is 
probable  a  temporary  effect  was  produced  by  nitrites,  and 
I  believe  that  under  some  conditions  nitrites  do  increase 
ior  a  short  time  the  secretion  of  water. 

The  estimation  of  urea  is  open  to  many  fallacies,  unless 
«very  circumstance  is  taken  into  account.  I  have  deter- 
nained  the  amount  in  many  cases,  and  compared  the  amount 
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passed  whilst  nitrites  were  being  taken  with  the  amount 
passed  before  and  afterwards,  and  the  general  result  I  have 
arrived  at  is  that  nitrites  do  not  increase  the  excretion  of 
urea. 

A  drug  which  in  a  state  of  health  has  but  little  influence 
on  the  urine  flow  may  prove  a  diuretic  in  certain  conditions 
of  disease,  but  I  have  been  unable  to  satisfy  myself  that 
nitrite  of  sodium  or  ethyl  can  be  relied  on  to  act  on  the 
kidneys  in  the  ailments  for  which  diuretics  are  needed. 

In  some  forms  of  chronic  Bright's  disease  I  have  seen  a 
considerable  increase  in  the  urine  follow  the  administration 
of  sodium  nitrite  and  nitro-glycerine,  yet  it  has  never  been 
prolonged.  In  cardiac  dropsy  I  have  not  seen  continuous 
diuresis  produced. 

Notwithstanding  that  I  hold  the  nitrites  in  light  esteem 
as  diuretics,  it  is  quite  likely  that  a  full  dose  of  spirit  of 
nitrous  ether  has  at  times  a  distinct  effect  in  causing  a 
temporary  increased  urine  flow.  Half  an  ounce  of  spirit 
of  nitrous  ether  represents,  perhaps,  the  same  quantity  of 
rectified  spirit  and  a  fair  dose  of  ethyl  nitrite.  Such  a 
compound  is  well  adapted  to  act  both  on  skin  and  kidneys. 
But  I  have  great  doubt  whether  the  administration  of  spirit 
of  nitrous  ether  in  doses  of  15  to  20  minims  three  times  daily 
as  a  mixture  can  be  of  any  service  as  a  diuretic.  Even  at 
first  the  amount  of  nitrite  present  is  probably  too  small  to 
influence  the  circulation  sufficiently,  and  the  dissipation  of 
the  ethyl  nitrite  commences  as  soon  as  the  mixture  is  made 
up.  One  advantage  the  nitrites  certainly  have — they  do 
not  irritate  the  kidney. 

In  the  lower  animals  they  have  been  found  capable  of 
producing  glycosuria  when  inhaled  or  injected,  and  even 
in  man  such  an  effect  is  not  unknown.  Dr.  Maragliano,  ^ 
who  caused  his  patients  to  inhale  forty  drops  of  amyl 
nitrite  for  forty  minutes  four  to  six  times  daily  for  the 
cure  of  epilepsy,  says  he  found  sugar  in  the  urine  in  most 

cases. 

^  Note,  di  Clinica  Medica^  Geneva,  1880. 
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Temperature. 

The  influence  of  nitrites  on  temperature  is  not  an 
important  consideration  in  their  therapeutic  use.  The 
quantity  in  which  they  are  given  medicinally  is  not  likely 
to  affect  tissue  change,  but  dilating  the  vessels  as  they  do 
they  at  first  slightly  raise  the  external  temperature.  A& 
they  expose  more  blood  to  the  surface  they  will  tend  sub- 
sequently to  lower  the  body  temperature,  but  the  effect  in 
either  direction  is  inconsiderable  unless  toxic  doses  are 
given,  which  very  greatly  reduce  temperature,  perhaps  by 
diminishing  oxidation. 


Perspiration. 

For  several  centuries  spirit  of  nitre  has  been  a  popular 
diaphoretic,  and  of  its  effects  and  influence  in  causing 
perspiration  under  some  conditions  there  can  be  no  doubt. 
After  drachm  doses  of  2^  per  cent,  solution  of  ethyl  nitrite 
in  alcohol  I  have  not  infrequently  seen  in  ten  to  twenty 
minutes  the  face  bedewed  with  moisture.  In  this  condition 
general  perspiration  has  been  readily  brought  on  by  the 
application  of  warmth.  The  same  result  has  often  followed 
2  grains  of  sodium  nitrite ;  in  one  subject  perspiration 
usually  occurred  after  small  doses  of  any  nitrite,  even 
though  he  was  not  in  bed.  As  a  rule,  however,  no  perspira- 
tion is  produced  by  ethyl  or  sodium  nitrites  unless  in  con- 
ditions favourable  for  its  occurrence.  The  diaphoresis  is 
doubtless  due  to  the  dilatation  of  the  cutaneous  vessels 
which  the  nitrites  cause,  and  is  therefore  but  a  passing 
effect.  The  value  of  the  time-honoured  cup  of  hot  gruel, 
followed  by  half  an  ounce  of  spirit  of  nitrous  ether,  it  is 
easy  to  understand;  diaphoresis  may  result,  but  the 
diaphoretic  value  of  10  to  20  minims  of  spirit  of  nitre  a» 
usually  given  medicinally  is  very  problematical. 


108 

Summary  of  Influence  on  Tissues. 

The  chief  pharmacological  characteristic  of  the  nitrites 
is  their  power  of  temporarily  affecting  muscle  tissue. 
Under  ordinary  conditions  the  amount  of  nitrite  present 
in  the  tissues  of  the  living  body  is  not  sufficient  to  disturb 
the  functions  of  voluntary  muscles.  But  the  involuntary 
muscles  and  heart  are  affected  by  marvellously  small 
quantities  of  the  nitrites  ;  whilst,  however,  their  contractile 
power  is  impaired  by  these  small  amounts,  they  are  not 
really  injured,  for  on  removal  or  destruction  of  the  nitrite 
molecules  they  rapidly  resume  their  normal  function,  and 
no  trace  is  left  of  the  effects  of  the  drug.  If  frequently 
exposed  to  these  same  molecules  they  seem  to  become  less 
readily  affected  by  them. 

The  tissues  of  the  nervous  centres  seem  to  be  less  easily 
affected  than  the  muscle  tissue,  but  probably  the  influence 
of  nitrites  is  here  equally  fleeting.  Considering  the  very 
powerful  action  of  nitrites  on  muscle  tissue,  their  effects  on 
other  structures  is  very  slight.  In  dilute  solutions  nitrite 
of  sodium  is  not  a  tissue  irritant,  and  is  not  very  destructive 
to  the  lower  forms  of  life.  Solutions  of  2  per  cent,  and 
upwards  applied  to  mucous  or  raw  surfaces  or  injected 
under  the  skin  give  rise  to  pain,  but  the  same  effect  is  pro- 
duced by  chloride  of  sodium  solutions  of  the  same  strength. 
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Chapter  IV. 

THE   NITRATE    GROUP. 

I  PASS  on  to  the  pharmacology  of  the  nitrate  group  before 
dealing  with  the  therapeutics  of  the  nitrites,  because  the 
organic  nitrates,  about  which  I  shall  have  most  to  say, 
have  in  some  respects  a  similar  physiological  action  to  the 
nitrites,  and  it  will  be  convenient  to  deal  with  their  thera- 
peutic uses  together.  The  similarity  seems  to  arise  from 
the  fact  that  under  certain  conditions  the  NO3  molecule  of 
organic  nitrates  is  reduced  to  NO2,  and  not  from  any  like- 
ness in  the  action  of  the  two  molecules.  I  do  not  propose 
to  do  more  than  indicate  a  few  points  of  special  interest  in 
connection  with  the  metallic  nitrates. 

I  have  already  pointed  out  the  very  marked  difference 
in  toxic  influence  on  skeletal  muscle  between  the  groups 
NO2  and  NO3,  when  combined  with  a  metal  of  small  physio- 
logical activity  like  sodium.  I  have  shown  that  whilst 
nitrite  of  sodium  is  a  powerful  muscle  poison,  the  nitrate 
tends  to  preserve  muscle  vitality.  The  striking  contrast 
between  the  action  of  these  two  salts  can  only  depend  on 
the  difference  between  the  physiological  properties  of  the 
groups  NOo  and  NO3.  This  difference  can  be  traced  in  all 
the  metallic  compounds  of  the  two  groups. 

The  nitroxyl  ONO  gives  evidence  of  its  influence  in 
every  compound  into  which  it  enters.  The  nitrate  group 
ONO2  plays  a  neutral  part,  and  does  not  seem  to  interfere 
with  the  physiological  activity  of  the  metals  with  which  it 
combines. 

I  have  already  shown  this  with  regard  to  the  sodium 
salts,  and  have  only  to  add  that  in  dilute  solutions  of  the 
nitrates  of  potassium,  barium,  calcium,  and  strontium,  the 
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physiological  influence   of   these    metals   on   the   skeletal 
muscles  is  as  well  seen  as  in  the  corresponding  chlorides. 

Dilute  solutions  of  nitrate  of  sodium  are  as  little  irri- 
tating to  the  mucous  membranes  and  raw  surfaces  as  they 
are  to  muscular  tissue.  It  is  commonly  thought  that  the 
nitrates  of  potash  and  soda  are  irritants ;  as  a  fact,  however, 
their  solutions  when  dilute  are  not  more  irritating  than  a 
solution  of  sodium  chloride  of  corresponding  strength,  and 
their  presence  in  water,  up  to  a  certain  amount,  prevents 
the  irritation  of  mucous  membranes  which  water  itself 
causes. 

A  solution  containing  under  2  per  cent,  of  either  chloride 
or  nitrate  coming  into  contact  with  the  Schneiderian  mem- 
brane, the  conjunctiva,  or  raw  surfaces  gives  very  little 
discomfort;  if,  however,  left  long  in  contact  with  a  raw 
surface  it  gives  rise  to  severe  pain,  and  a  stronger  solution 
of  either  salt  is  at  once  painful. 

By  the  stomach  mucous  membrane  a  10  per  cent,  solu- 
tion of  sodium  nitrate  is  well  borne,  but  if  more  concentrated 
and  in  considerable  quantity,  it  may  cause  great  irritation 
like  other  strong  saline  solutions. 

The  organic  nitrates  to  which  I  shall  allude  are  glyceryl 
trinitrate,  03115(0^02)3  (nitro-glycerine) ;  ethyl  nitrate, 
C2H5ONO2 ;  propyl  nitrate,  C3H-7ONO2 ;  isobutyl  nitrate, 
C4II9ONO2 ;  isoamyl  nitrate,  C5H11ONO2.  In  these  organic 
nitrates  two  effects  have  to  be  considered :  (1)  the  actions 
of  the  compounds  themselves ;  (2)  that  resulting  from  the 
products  of  their  decomposition. 

Nitro-Glycerine. 

I  shall  speak  of  nitro-glycerine  first,  because  of  its  great 
therapeutic  importance.  Professor  Hay  has  shown  that 
nitro-glycerine,  in  the  presence  of  alkalies  and  their  car- 
bonates or  of  sodium  phosphate,  is  decomposed,  about 
two-thirds  of  the  ONO2  being  reduced  to  ONO  and  uniting 
with  the  alkali  to  form  a  nitrite ;  the  remaining  third  forms 
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a  nitrate  with  the  alkali.    .  It  is  even  decomposed  under 
some  conditions  by  contact  with  water. 

When  nitro-glycerine  is  taken  into  the  stomach  it  pro- 
bably undergoes  little  or  no  change  there,  but  is  absorbed 
unaltered  and  quickly  converted  in  part  or  altogether  into 
sodium  nitrite.  Any  part  which  is  not  thus  destroyed  is 
excreted  by  the  kidneys,  and  when  large  doses  are  given  to 
animals  by  the  mouth  nitro-glycerine  has  been  recovered 
from  the  urine  and  the  blood.  After  large  medicinal  doses 
in  man  it  has  been  detected  in  the  urine.  On  the  skeletal 
muscles,  the  vessels  and  the  excised  frog's  heart,  dilute  solu- 
tions of  nitro-glycerine  act  exactly  like  solutions  of  sodium 
nitrite  of  similar  strength.  The  gastrocnemius  of  a  frog  in 
normal  saline  containing  1  part  in  1,000  of  1  per  cent,  solution 
of  nitro-glycerine  dies  in  20  to  40  minutes,  as  it  would  do 
in  the  same  strength  of  sodium  nitrite,  and  it  gives  when 
contracted  a  similar  muscle  tracing.  The  dilatation  of  the 
vessels  of  the  tortoise  when  weak  solution  of  nitro-glycerine 
is  perfused  through  them,  is  just  as  great  as  with  sodium 
nitrite.  (Fig.  136).  Inasmuch  as  nitro-glycerine  is  de- 
composed to  some  extent  in  the  experiments,  nitrite  being 
formed,  it  is  impossible  to  say  how  far  the  effects  are  due  to 
the  nitro-glycerine  itself. 

When  given  internally  the  effects  of  nitro-glycerine  are 
almost  identical  with  those  of  sodium  nitrite,  but  in  a  few 
points  the  action  of  the  two  substances  differs  somewhat. 
Nitre  -  glycerine  tends  to  stimulate  the  spinal  cord  and 
medulla,  and  in  the  lower  animals,  especially  the  frog,  may 
cause  tetanic  spasms.     Sodium  nitrite  has  no  such  effect. 

In  man  the  only  difference  observed,  so  far  as  regards 
the  nervous  system,  between  nitro-glycerine  and  sodium 
nitrite  is  that  the  former  much  more  often  causes  headache, 
which,  when  induced,  is  at  times  of  longer  duration  than 
that  caused  by  sodium  nitrite. 

The  throbbing  headache  felt  immediately  after  nitro- 
glycerine may  be  due  to  the  direct  effect  on  the  circulation 
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of  the  nitrite  into  whicli  the  trinitrate  of  glyceryl  i» 
converted.  But  it  at  times  lasts  many  hours  after  the 
circulatory  effects  have  apparently  passed  away,  and  it 
seems  possible  that  the  nitro-glycerine  headache  is  not 
entirely  due  to  the  nitrite  effect,  but  that  the  nitro-glycerine 
molecule,  or  it  may  be  certain  compounds,  due  to  decom- 
position of  the  glyceryl,  take  some  part  in  its  production. 
There  can  be  little  doubt  that  the  tetanus  produced  in  the 
lower  animals  is  due  to  the  nitro-glycerine  molecule  itself. 

The  difference  between  the  effects  produced  on  the 
circulation  in  man  between  sodium  nitrite  and  nitro- 
glycerine, though  small,  are  yet  of  some  practical  import- 
ance. From  the  table  (page  100)  it  will  be  seen  that 
the  action  of  nitro-glycerine  is  more  rapid  than  that  of 
sodium  nitrite  or  ethyl  nitrite. 

Not  only  is  the  action  of  nitro-glycerine  distinctly 
evident  earlier  than  tnat  of  the  nitrites  of  sodium  and  ethyl, 
but  the  point  of  the  lowest  pulse  tension  is  also  earlier,  as 
seen  in  the  table  which  I  have  given.  I  have  not,  however, 
found  the  influence  of  a  minim  of  nitro-glycerine  solution 
usually  quite  as  prolonged  as  the  influence  of  2  grains  of 
nitrite  of  sodium  (Fig.  130),  but  there  is  no  important 
difference.  The  minute  amount  of  nitro-glycerine  which 
will  affect  the  pulse  is  very  marvellous.  One-sixteenth 
of  a  minim  of  liquor  trinitrini  will,  in  some,  distinctly 
lower  tension.  The  effect  of  small  doses  is  more 
remarkable  when  we  consider  the  very  large  doses 
which  the  circulation  will  bear  without  suffering  injury. 
Dr.  Murrell  records  that  on  one  occasion  he  gave  a 
patient  110  minims  eight  times  daily,  the  only  effect 
being  to  relieve  anginal  pain  and  cause  some  head- 
ache. I  have  only  to  add  the  explanation  which  Hay  has 
given  of  the  more  powerful  influence  of  nitro-glycerine 
than  nitrite  of  sodium.  The  glycerine  compound  is  absorbed 
into  the  blood  and  then  forms  a  nitrite.  The  sodium  nitrite 
undergoes  decomposition  by  the  acids  of  the  stomach,  and 
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though  the  nitrous  acid  set  free  is  in  part  absorbed,  there 
is  naturally  considerable  loss  by  escape  of  the  acid  vapour 
and  by  its  decomposition. 

The  Fatty  Nitrates. 

The  nitrates  of  ethyl,  propyl,  butyl,  and  amyl  are  all 
stable  bodies  very  slightly  soluble  in  water  and  not  dis- 
agreeable to  smell  or  taste.  The  boiling  point  of  the  series 
increases  with  the  naolecular  weight,  nitrate  of  ethyl  boiling 
at  190°  and  nitrate  of  isoamyl  at  296°. 

Unlike  nitro-glycerine,  the  nitrates  of  ethyl,  propyl, 
butyl  and  amyl  do  not  readily  decompose  even  when  mixed 
with  an  alkaline  fluid.  When  I  added  0*2  c.c.  of  those 
nitrates  to  10  c.c.  of  a  5  per  cent,  solution  of  sodium  car- 
bonate, and  kept  the  mixture  at  38°C.  no  trace  of  nitrite 
could  be  detected  in  30  minutes.  On  leaving  the  mixture 
for  several  hours  the  tests  indicated  the  presence  of  a  trace 
of  nitrite,  but  it  was  not  till  6  days  had  elapsed  that  any 
considerable  quantity  of  nitrite  was  present.  On  adding 
2  per  cent,  of  ethyl  nitrate  to  blood,  methaemoglobin  does 
not  immediately  appear,  but  on  keeping  the  mixture  at 
38°  C.  the  characteristic  band  can  be  detected  by  the  spectro- 
scope in  about  30  to  40  minutes.  The  nitrates  of  the  higher 
members  of  the  series  isobutyl  and  amyl  do  not  under 
similar  conditions  show  the  presence  of  methsemoglobin 
for  many  hours.  I  have  several  times  dialysed  the  mixture 
of  nitrates  and  blood  in  which  methsemoglobin  has  been 
produced  without  detecting  the  presence  of  nitrites  in  the 
dialysate,  though  on  keeping  the  compound  for  24  to  36 
hours  at  38°  a  nitrite  reaction  is  obtained  from  it ;  mani- 
festly, however,  the  fatty  nitrates  do  not  yield  nitrites  as 
easily  as  nitro-glycerine  does. 

Although   the   nitrates    seem   to   be   decomposed    into 

nitrites  with  some  little  difficulty  outside  the  body,  it  seems 

probable  that  in  the  living  body  the  change  takes  place 

more  readily,  since,  as  I  shall  show,  an  effect  on  the  cir- 
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culation  somewhat  like  that  caused  by  nitrites  is  produced 
by  giving  the  nitrates,  but  this  nitrite  effect  is  less  quickly 
produced  and  longer  lasting  than  when  nitro-glycerine  is 
given. 

When  a  muscle  is  exposed  to  a  mixture  of  1  of  ethyi 
nitrate  in  1,000  of  normal  saline  solution  the  contractions 
diminish  in  height  somewhat  more  rapidly  than  with  normal 
saline,  but  vitality  is  well  maintained  and  the  muscle  lives 
as  long  as  in  normal  saline.  (Fig.  137).  1  in  500  causes 
a  somewhat  rapid  fall  in  the  height  of  the  muscular  con- 
tractions, but  a  muscle  will  live  in  the  solution  over  three 
hours. 

Propyl  nitrate  diminishes  the  irritability  of  muscle  more 
powerfullv  than  ethyl  nitrate,  but  the  muscle  will  continue 
to  live  in  a  solution  of  1  in  1,000  of  normal  saline,  and  give 
contractions  at  the  end  of  24  hours. 

Isobutyl  nitrate,  of  the  strength  of  1  in  1,000,  greatly 
decreases  the  contractile  power  of  muscle.  At  the  end  of 
about  three  hours  it  will  only  contract  as  a  rule  with  strong 
stimulation. 

Amyl  nitrate  is  far  more  fatal  than  anj^^  of  the  other 
nitrates.  If  the  muscle  is  immersed  in  1  of  1,000  of  amyl 
nitrate  the  contractions  rapidly  fall  and  the  muscle  dies  in 
about  an  hour,  contracture  being  often  seen.  The  relative 
influence  of  nitrates  as  shown  by  their  action  on  muscle 
bears  out  the  well  known  fact  that  the  toxicity  of  alcoholic 
radicles  increases  with  their  atomic  weight. 

The  effect  of  the  fatty  nitrates  on  the  vessel  walls  does 
not  quite  run  parallel  with  their  effect  on  skeletal  muscles. 
Ethyl  nitrate  in  the  strength  of  1  in  1,000  dilates  the  vessels, 
as  shown  in  a  perfusion  experiment  with  a  tortoise. 

Ethyl  nitrate  increased  the  flow  through  the  vessels  of 
a  tortoise  by  50  per  cent.,  but  propyl  nitrate  in  the  same 
amount  still  more  powerfully  dilates  the  vessels,  and  if  a 
solution  of  1  in  5,000  be  used  extraordinary  dilatation  takes 
place.     (Fig.  142). 
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I  shall  point  out  when  I  come  to  speak  of  nitro  substances 
that  with  them,  too,  the  propyl  compound  seems  to  possess 
the  strongest  dilating  power. 

Isobutyl  nitrate,  in  the  strength  of  1  in  1,000  of  normal 
saline  contracts  the  vessels.  But  in  a  strength  of  1  in  5,000 
to  1  in  10,000  it  dilates  them  verv  distinctlv. 

Isoamyl  nitrate  very  markedly  contracts  the  vessels  in 
a  strength  of  1  in  1,000  of  normal  saline,  the  flow  through 
them  being  very  greatly  decreased.  (Fig.  143).  Dilute 
solutions,  even  1  in  10,000,  do  not  dilate  the  vessels,  but 
very  weak  solutions,  1  in  30,000,  have  a  slight  dilating 
effect. 

It  is  interesting  to  notice  the  rise  and  fall  of  the  dilating 
influence  due  apparently  to  the  alcoholic  radicles. 

Xitrate  of  ethvl  renders  the  action  of  the  isolated  froo;'s 
heart  slightly  quicker  and  weaker  when  in  the  strength  of 
1  in  1,000.  (Fig.  138).  The  other  nitrates  have  much  the 
same  effect  as  the  ethyl  compound,  but  are  more  toxic. 

The  chief  interest  in  the  action  of  the  nitrates  centres 
on  the  powerful  and  long-lasting  influence  they  exert  on  the 
circulation  in  man.  If  5  minims  of  ethyl  nitrate  be  taken 
internally  the  pulse  tension  falls  in  three  or  four  minutes, 
but  usuallv  not  verv  considerablv.  It  continues  to  fall, 
and  reaches  its  lowest  point  in  thirty  to  sixty  minutes ; 
sometimes  it  is  very  low  for  a  longer  time  than  this.  The 
effects  of  ethyl  nitrate  on  the  pulse  can  often  be  distinctly 
seen  four  or  Ave  hours  after  a  dose  has  been  taken.  (See 
Fig.  139). 

As  after  nitrites,  the  pulse  is  somewhat  quickened,  but 
this  effect  is  bv  no  means  marked.  One  minim  has  a 
distinct  effect  on  the  pulse.  Propyl  (Fig.  140),  isobutyl 
(Fig.  141),  and  amyl  nitrates  (Fig.  133)  all  act  in  a  similar 
manner,  and  as  far  as  I  have  examined  their  action,  they 
depress  the  tension  for  a  longer  time  than  the  corresponding 
nitrites.  Fisr.  141  shows  the  effects  of  isobutvl  nitrate  on 
the  man  from  whom  the  tracings  after  amyl  nitrite  and 
nitrate  were  taken. 
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The  inhalation  of  the  nitrates  very  slightly  lowers 
tension.  The  long-lasting  action  of  the  nitrates  is  doubt- 
less due  to  the  fact  that,  unlike  nitro-glycerine,  they  are 
somewhat  difficult  of  decomposition.  I  have  found  the 
nitrate  of  ethyl  useful  in  various  ailments  for  which  nitrites 
are  usually  given.  There  is  one  drawback  to  its  use.  It 
seems  to  cause  a  headache  more  often  than  ethyl  nitrite ; 
this  headache  does  not  always  come  on  immediately  the 
drug  is  taken;  it  may  not  appear  for  four  or  five  hours. 
The  other  nitrates  also  tend  to  cause  more  headache  than 
the  corresponding  nitrites. 


ir 


Chapter   V. 

THERAPEUTIC     USES    OF     THE     NITRITES    AND 

NITRATES, 

In  considering  the  bearing  of  the  pharmacological  action  of 
the  nitrites  on  their  therapeutic  application  there  are  three 
points  worthy  of  note.  The  first  is  the  minute  quantities 
which  may  influence  the  vascular  system,  and,  as  a  con- 
sequence, certain  functions  of  the  body.  An  eighth  of  a 
grain  of  sodium  nitrite,  a  small  but  uncertain  fraction  of  a 
minim  of  ethyl  nitrite,  or  one  sixteen-hundredth  of  a  grain 
of  nitro-glycerine  will  in  many  distinctly  affect  the  cir- 
culation. 

A  second  point  is  that,  notwithstanding  their  potency, 
even  large  quantities  of  the  nitrites  and  nitro-glycerine  do 
not  readily  cause  death.     Although  unpleasant  and  even 
alarming  results  have  been  known  to  follow  comparatively 
small  doses,  there  has  been,  as  far  as  I  know,  only  one  case 
recorded  in  which  a  fatal  result  has  been  attributed  to  their 
medicinal  use.      This  is  the  more  worthy  of  notice  since 
these  drugs  have  been  commonly  given  in  serious  cases.     I 
do  not  know  of  an  instance  in  which  ethyl  nitrite  or  sodium 
nitrite  have  proved  fatal,  though  very  large  doses  of  the 
latter  have  been  administered.       Amyl  nitrite  has  been 
swallowed   by    the    dessertspoonful,    j^et   recovery    has,    I 
believe,  always  occurred,  and  severe  though  the  symptoms 
are  which  follow  its  inhalation  no  harm  has  ever  accrued 
from  its  employment,  save  in  one  instance,  a  case  of  phthisis, 
where  death  followed  the  inhalation  of  7  drachms.     Con- 
siderable quantities  of  nitro-glycerine  have  been  taken  with 
impunity,  so  far  at  least  as  concerns  a  fatal  result ;  only  in 
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few  instances  have  very  large  amounts,  taken  accidentally 
or  for  suicidal  purposes,  caused  death. 

A  third  point  which  it  is  important  to  bear  in  mind  is 
the  evanescence  of  nitrite  action.  When  nitrites  advan- 
tageously alter  functions  their  direct  influence  for  good 
usually  soon  ceases;  on  the  other  hand,  their  evil  effects 
are  also  short  lived ;  there  is  no  cumulative  influence. 

Angina    Pectoris. 

The  pharmacology  of  the  nitrites  and  nitro-glycerine 
indicates  the  class  of  cases  in  which  these  drugs  will  be  of 
the  most  utility — namely,  those  in  which  the  heart  is  embar- 
rassed in  its  work  owing  to  a  want  of  due  relationship 
between  its  power  and  the  calibre  of  the  vessels  through 
which  it  transmits  blood. 

Angina  pectoris  is  the  most  conspicuous  ailment  of  this 
class.  It  would  be  out  of  place  here  for  me  to  discuss  its 
pathology  and  its  various  forms,  but  there  are  one  or  two 
points  to  which  I  must  allude,  because  they  are  intimately 
connected  with  the  use  of  nitrites.  Angina  pectoris  has 
been  defined  by  Sir  Richard  Quain  as  "  an  affection  of  the 
chest  accompanied  by  severe  pain,  faintness,  and  anxiety, 
occurring  in  paroxysms  connected  with  disorders  of  the 
pneumo-gastric  and  sympathetic  nerves  and  their  branches, 
and  frequently  associated  with  organic  disease  of  the  heart.'^ 

It  is  manifest  that  for  the  production  of  angina  as  thus 
defined,  a  variety  of  pathological  conditions  may  suffice. 
Alterations  in  the  cardiac  nerves  and  plexuses  due  to 
intrinsic  structural  changes,  or  to  their  involvement  in 
diseased  conditions  of  adjacent  organs,  may  lead  to  periodic 
neuralgic  attacks  similar  to  those  which  we  see  in  other 
parts  of  the  body  when  nerves  or  plexuses  are  similarly 
affected.  Neuralgic  pains  referred  to  the  heart  may  be  the 
outcome  of  reflected  irritation  originating  elsewhere,  as,  for 
example,  in  the  abdominal  organs.  Hysterical  pains  may 
be  felt  in  the  cardiac  region  as  well  as  in  other  parts.     All 
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these  causes  may  perhaps  lead  to  paroxysmal  pain  apart, 
or  almost  so,  from  circulatory  changes  connected  with 
alteration  in  tension.  But  clinical  observations  do,  I  think, 
indicate  that  a  large  proportion  of  anginal  attacks  are 
directly  caused  by  a  rise  in  tension,  and  there  seem  to  me 
good  grounds  for  believing  that  this  rise  is  due  to  a  tem- 
porarily decreased  calibre  of  the  systemic  or  pulmonary 
vessels,  and  a  consequent  suddenly  increased  call  on  the 
propelling  action  of  a  heart  the  walls  of  which  are  more  or 
less  altered  in  structure. 

In  some  cases,  as  Dr.  Douglas  Powell  has  so  well  pointed 
out,^  the  call  may  be  made  upon  a  diseased  heart  (angina 
pectoris  gravior) ;  in  others  there  is  more  or  less  cardiac 
reserve  power  and  integrity  (angina  pectoris  vaso-motoria) ; 
but  in  both  forms  the  symptoms  are  due  to  the  fact  that 
the  heart  is  unequal  to  the  work  it  is  called  on  to  perform. 

With  a  view  of  removing  the  high  tension  ensuing  from 
this  contraction.  Dr.  Brunton  first  made  trial  of  amyl  nitrite 
in  angina  pectoris,  and  discovered  its  wonderful  power  of 
relieving  the  cramp  -  like  pain  which  accompanies  this 
ailment.  Of  late,  however,  doubts  have  been  raised  as  to 
whether  high  tension  is  really  the  cause  of  pain ;  and  it 
has  been  suggested  that  nitrites  relieve,  not  because  they 
lower  tension,  but  because  they  act  as  analgesics,  and 
remove  the  pain  which  causes  high  tension.  It  seems  to 
me  that  for  this  theory  there  is  but  little  foundation; 
experiments,  as  I  have  said,  give  no  indication  that  nitrites 
are  direct  analgesics ;  in  poisonous  doses,  indeed,  they 
depress  the  functions  of  all  portions  of  the  nervous  system, 
but  the  afferent  portion  is  the  last  which  is  affected.  So 
powerful  an  analgesic  as  morphine  not  infrequently  fails  to 
relieve  the  pain  which  a  minute  dose  of  amyl  nitrite  at 
once  removes,  and  there  is,  I  hold,  no  warrant  for  the 
assumption  that  nitrites  or  nitro-glycerine  have  a  special 
analgesic  influence  on  the  cardiac  plexus.       I  cannot  see 

*  Practitioner,  vol.  xlvi.,  p.  255. 
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sufficient  ground  in  what  has  so  far  been  advanced,  for 
calling  in  question  the  opinion  that  increased  tension  is 
the  cause  of  suffering  in  a  large  proportion  of  cases  in  which 
paroxysmal  pain  is  referred  to  the  heart ;  and  that  in  thb 
treatment  of  angina  pectoris  it  is  important,  in  the  first 
place,  to  lower  this  tension  as  speedily  and  efficaciously  as 
possible. 

In  the  reduction  of  tension  by  nitrites  we  have  three 
objects  in  view:    (1)  to  relieve  pain  as  rapidly  as  possible; 
(2)  to  avert  a  fatal  termination ;    (3)  to  prevent  the  recur- 
rence of  pain.     The  second  object  is  for  the  time  attained 
when  the  pain  is  removed. 

The  pain  of  angina  varies  greatly  in  duration  ;  generally 
it  is  short  in  the  earlier  stages  of  the  disease  and  abates 
quickly  when  the  immediate  cause,  usually  some  movement, 
has  ceased.  Xot  infrequently,  especially  towards  the  ter- 
mination of  a  long-standing  case,  atrocious  pain  is  present 
for  many  minutes,  sometimes  for  many  hours.  But, 
whether  the  duration  of  pain  be  short  or  long,  those  nitrites 
are  manifestly,  in  the  first  instance,  called  for  which  act 
most  quickly. 

What  I  have  stated  with  regard  to  the  time  at  which 
the  influence  of  the  various  nitrites  on  the  circulation  is 
first  distinctly  perceptible,  points  clearly  to  the  drugs  which 
may  most  advantageously  be  used  during  anginal  pain.  It 
has  been  shown  that  propyl,  isobutyl,  and  amyl  nitrites 
reduce  the  tension  in  a  few  seconds,  whilst  sodium  nitrite 
takes  from  two  to  five  minutes  to  act,  and  ethvl  nitrite  about 
the  same  time.  Even  nitro-glycerine,  which  affects  the 
circulation  in  from  forty  seconds  to  two  minutes,  acts  much 
less  rapidly  than  do  the  fatty  nitrites  when  they  are  inhaled. 

Manifestly  then  to  relieve  urgent  pain  and  its  concomi- 
tant danger,  the  fatty  nitrites  should  be  inhaled.  Hitherto 
an  impure  nitrite  has  been  chiefly  used  for  this  purpose. 
The  nitrite  of  amyl  of  the  British  Pharmacopoeia  is  a 
mixture    of   many    nitrites,    and    contains   likewise    amyl 
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alcohol,  and  oxidation  products  sucli  as  valeric  aldehyde, 
valeric  acid,  and  amyl  valerate.  Dunstan  and  Woolley,  in 
one  specimen  found  less  than  40  per  cent,  of  the  amyl 
nitrite,  and  in  another  50  per  cent.,  but  in  addition  10  per 
cent,  of  isobutyl  nitrite.^ 

Even  the  impure  amyl  nitrite  now  used  is  a  most  valu- 
able drug,  but  considering  the  importance  of  the  influence 
required,  it  seems  desirable  that  a  more  definite  compound 
should,  if  possible  be  introduced.  Of  late  isobutyl  nitrite 
has  been  employed  occasionally  as  a  substitute  for  amyl 
nitrite.  Cash  finds  isobutyl  and  secondary  propyl  nitrites 
somewhat  more  active  in  reducing  tension  than  the  amyl 
compound.  It  has  appeared  to  me,  too,  that  isobutyl 
nitrite  more  certainly  relieves  anginal  pain  than  does  the 
official  amyl  nitrite. 

The  inhalation  of  amyl  nitrite  sometimes  fails  to  relieve 
the  pain  of  angina  pectoris ;  this  failure  may  arise  from 
several  causes :  — 

(1)  The  paroxysms  may  be  due  to  neuralgia  of  local 
origin,  or  it  may  be  reflected  or  hysterical,  and  circulatory 
changes  may  take  but  little  part  in  its  production.  In  such 
conditions  nitrite  inhalations  can  do  no  harm,  yet  they  may 
fail  to  relieve  pain. 

(2)  In  some  cases  the  n,itrite  does  not  remove  pain 
because  of  the  short  duration  of  its  action.  It  does  not 
break  the  spell  of  the  vessel  contraction.  There  may  be 
relief,  but  it  is  not  complete,  and  when  in  a  minute  or  two 
the  effect  of  the  drug  passes  off,  the  wave  of  contraction 
returns,  and  with  it  the  pain. 

(3)  Some  are  curiously  insusceptible  to  the  influence  of 
amyl  nitrite.  In  such  people  full  inhalations  may  succeed 
when  slight  ones  fail,  though  this  is  not  very  common.  If 
a  certain  measure  of  success  is  not  obtained  with  ordinary 
inhalation,  it  is  not  often  that  a  more  copious  use  of  amyl 
nitrite  completely  removes  anginal  pain. 

^  Pharm.  Journ.,  1888,  p.  489. 


122 

(4)  Lastly,  in  very  advanced  cases  where  tlie  attacks  of 
pain  continue  long,  amyl  nitrite  may  entirely  fail  to  relieve 
the  pain,  though  in  an  earlier  stage  it  proved  useful  for  this 
purpose. 

If  from  any  of  these  causes  amyl  nitrite  does  not  remove 
pain,  one  of  the  nitrites  whose  effects  are  more  persistent 
should  be  tried.  Of  the  official  preparations,  nitro^ 
glycerine  is  by  far  the  best.  On  referring  to  the  table  it 
will  be  seen  that  it  reduces  tension  more  quickly  than 
sodium  nitrite,  more  quickly,  too,  than  ethyl  nitrite.  Be- 
ginning with  one  drop  of  liquor  trinitrini,  the  dose  may  be 
gradually  increased  until  either  the  pain  is  relieved  or 
unpleasant  physiological  effects  as  throbbing  in  the  head 
or  palpitation  show  that  no  more  can  be  borne.  In  pain  of 
hysterical  or  reflected  origin  this  physiological  limit  i& 
often  quickly  reached ;  in  other  cases  very  large  doses  may 
be  given  before  relief  is  obtained. 

Dr.  Murrell,  to  whom  we  owe  the  introduction  of  nitro- 
glycerine as  a  remedy  for  angina  pectoris,  has  given,  as  I 
have  said,  110  minims  eight  times  daily.  Some  are  very 
insusceptible  to  nitrites,  especially  when  passing  through 
a  dyspnceic  attack,  and  it  is  worthy  of  note  that  the  same 
individual  may  be  more  susceptible  at  one  time  than 
another. 

A  patient,  L.,  from  whom  several  of  the  tracings  I  show 
have  been  taken,  came  into  the  infirmary  with  intense 
dyspnoea  and  cyanosis,  and  some  cardiac  dilatation.  The 
nitrites  of  amyl  and  ethyl  seemed  to  have  no  effect  in  reliev- 
ing the  dyspnoea,  and  the  ordinary  effect  of  the  amyl 
compound  he  did  not  feel.  Nothing  was  of  service  except 
free  venesection,  which  at  once  relieved  him.  The  next 
day  even,  his  pulse  was  somewhat  refractory  to  nitrites, 
ordinary  doses  of  sodium  and  amyl  nitrites  only  affecting 
his  circulation  slightly.  The  pulse  tracing,  taken  a  month 
later,  showed  that  he  was  then  fairly  susceptible  to  2  grains 
of  sodium  nitrite ;  then  he  commenced  to  take  the  nitrites^ 
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regularly,  and  in  another  month  I  found  the  tension  of  his 
pulse  but  little  influenced  by  this  dose,  though  by  stronger 
doses  it  was  readily  brought  down.  As  I  have  before  said, 
people  with  high  tension  are  less  afEected  by  nitrites  than 
those  with  low  tension.  I  have  several  times  had  occasion 
to  gradually  raise  the  dose  of  liquor  trinitrini  to  20  minims ; 
it* not  infrequently  happens  that  larger  doses  are  required 
as  a  case  progresses,  and  I  believe  it  is  far  safer  to  employ 
somewhat  large  doses  of  nitro-glycerine  than  to  resort  to 
morphine  injections,  which  in  the  later  stage  of  angina 
pectoris  generally  fail  to  give  relief,  and  I  suspect,  at  times, 
hasten  the  fatal  termination.  Let  me  sav  here  that  I  look 
on  the  injections  of  morphine  in  severe  paroxysmal  cardiac 
pain  as  by  no  means  devoid  of  danger.  It  is  quite  true 
that  they  often  give  relief  in  anginal  attacks,  and  are  not 
usually  followed  by  dangerous  symptoms,  but  I  have  myself 
twice  seen  death  occuj"  shortly  after  subcutaneous  injection 
of  morphine  in  a  prolonged  anginal  attack,  and  in  the 
experience  of  others  I  find  a  fatal  termination  so  frequently 
a  sequence  of  an  injection  of  morphine  that  it  savours 
strongly  of  cause  and  effect.  From  the  use  of  nitrites  I 
can  find  no  evidence  that  fatal  results  appear  to  follow, 
notwithstanding  the  large  doses  in  which  they  have  been 
given,  and  the  critical  condition  of  many  of  the  patients 
who  have  taken  them.  On  the  other  hand,  I  have  several 
times  seen  reason  for  believing  that  life  has  been  shortened 
owing  to  the  want  of  nitrites  or  their  use  in  too  niggardly 
a  fashion,  and  on  more  than  one  occasion  it  has  seemed  as 
if  the  immediate  cause  of  death  has  been  an  unreplenished 
nitrite  bottle. 

Every  person  who  suffers  from  angina  pectoris,  and 
who  has  derived  relief  from  nitrites,  should  have  im- 
mediately at  hand  amyl  nitrite,  or  the  tabellse  or  liquor 
trinitrini. 

To  prevent  the  recurrence  of  anginal  attacks  amyl  nitrite 
is,  of  course,  of  no  service,  but  nitro-glycerine  is  as  useful 
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in  preventing  attacks  as  in  relieving  them.  A  sufficient 
dose  should  be  given  a  few  minutes  before  an  exertion 
which  is  likely  to  cause  an  attack  of  pain.  The  amount 
which  is  sufficient  can  only  bq  determined  by  the  effect  on 
the  patient ;  sometimes  one  drop  will  suffice  to  ward  off 
attacks  for  two  or  three  hours ;  oftener  larger  doses  are 
required.  One  patient,  for  example,  finds  not  less  than 
twenty  -  five  drops  necessary  in  order  to  enable  him  to 
perform  light  work  for  some  hours,  and  for  six  months  has, 
bv  the  aid  of  this  dose  once  or  twice  dailv,  been  enabled  to 
live  and  earn  a  livelihood  in  fair  comfort.  Danger,  I 
believe  arises  not  from  the  size  of  the  dose  or  from  its 
frequent  repetition,  but  from  too  great  fear  of  the  drug. 

To  those  in  whom  the  anginal  pains  are  connected  with 
serious  cardiac  degeneration  the  time  at  length  arrives  when 
severe  cardiac  pain,  which  may  be  long  continued,  comes 
on  without  apparent  cause ;  the  end  is  then  usually 
near  at  hand.  Here  the  frequent  use  of  large  doses  of 
liquor  trinitrini  will  not  suffice  either  to  prevent  or  ward 
off  all  pain,  but  it  is  the  most  effective  means  we  possess, 
and  if  it  does  not  prevent  suffering,  it  at  least  mitigates 
it  without  adding  to  danger.  Nitro-glycerine  is  so  quickly 
absorbed  in  the  stomach  that  subcutaneous  injection  is, 
as  a  rule,  not  necessary ;  but  in  cases  of  urgency,  where 
there  is  fear  that  the  absorptive  power  of  the  stomach  is  in 
abeyance,  it  may  be  resorted  to.  At  times  nitro-glycerine 
is  not  well  borne,  owing  to  the  headache  which  it  causes ; 
sodium  or  ethyl  nitrite  may  then  be  tried,  especially  for 
the  purpose  of  preventing  paroxysms.  The  sodium  com- 
pound may  be  used,  beginning  with  2-grain  doses,  but  I 
do  not  think  it  usually  agrees  so  well  with  patients  as  nitro- 
glycerine when  large  doses  are  required.  A  2j  per  cent, 
solution  of  ethyl  nitrite  in  absolute  alcohol  I  have  often 
used,  giving  doses  of  one  or  two  teaspoonfuls.  The  solution 
should  be  mixed  with  water  immediately  before  being 
taken,  otherwise  the  nitrite  rapidly  escapes. 
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Of  late  I  have  employed  the  ethyl  nitrate,  which  has 
distinctly  a  longer  lasting  influence  in  reducing  tension 
than  the  nitrite,  and  in  some  ten  or  twelve  cases  in  which 
I  have  used  it  the  testimony  in  favour  of  its  prolonged  bene- 
ficial action  has  been  satisfactory.  A  medical  man,  who 
has  been  under  my  care  for  angina  pectoris,  has  at  my 
request  compared  on  himself  the  effects  of  various  nitrites, 
and  places  the  nitrate  of  ethyl  distinctly  above  the  nitrites 
in  the  length  of  time  it  wards  off  the  attacks.  In  another 
case  a  woman,  aged  28,  who  had  suffered  from  anginal 
attacks  for  three  or  four  months,  and  who  found  relief 
during  the  attacks  both  from  nitro-glycerine  and  the  inhala- 
tion of  amyl-nitrite,  I  found  nitrate  of  ethyl  give  more 
continuous  relief  than  nitro-glycerine.  For  two  or  three 
days  she  took  3-minim  doses  of  the  ethyl  nitrate  at  intervals 
of  three  or  four  hours ;  in  this  quantity  the  attacks,  though 
not  prevented,  were  lessened  in  frequency.  As  the  heart's 
action  seemed  quickened,  she  returned  to  the  occasional  use 
of  the  nitro-glycerine,  but  soon  afterwards  the  attacks 
became  more  frequent  and  less  amenable  to  relief  by  this 
drug.  One  morning,  in  the  absence  of  one  of  my  col- 
leagues, I  saw  her,  and  found  her  with  severe  cardiac  pain, 
which  had  lasted  an  hour,  and  which  nitrite  of  amyl  and 
nitro-glycerine  in  small  doses  had  failed  to  relieve.  A 
drachm  of  a  10  per  cent,  solution  of  nitrate  of  ethyl,  the 
last  I  happened  to  have  at  the  time,  was  then  given  to  her. 
In  ten  minutes  the  tension  was  lowered  as  shown  by  the 
tracing,  and  the  pain  entirely  disappeared. 

A  few  hours  later  it  recurred.  Nitro-glycerine  gave 
slight  relief,  but  only  for  a  very  short  time ;  nitrite  of  amyl 
failed  entirely  to  remove  the  pain.  A  subcutaneous  injec- 
tion of  morphine  guarded  by  atropine  was  now  cautiously 
given,  only  two  doses  of  the  eighth  of  a  grain  being  injected 
with  an  interval  of  half  an  hour.  Hardly  the  slightest 
relief  followed ;  the  pain  continued  for  three  hours.  Then 
&he  became  cyanotic,  and  died  somewhat  suddenly.     At  the 


126 

yosi-morteifn  examination  the  aortic  valves  were  insuffi- 
cient ;  one  of  the  coronary  arteries  was  found  small,  and  the 
other  almost  obliterated.  My  experience  of  the  use  of 
nitrate  of  ethyl  in  angina  pectoris  and  other  ailments  is  not 
sufficiently  large  to  enable  me  to  form  a  definite  opinion  as 
to  its  value  as  compared. with  nitrites,  but  the  long  period 
during  which  it  lowers  tension  in  healthy  subjects,  and  its 
very  definite  effects  in, the  few  cases  of  angina  in  which  I 
have  tried  it,  lead  me  to  think  it  may  prove  of  value.  The 
nitrate  of  propyl,  isobutyl,  and  isoamyl  are  as  effective  in 
lowering  tension  as  nitrate  of  ethyl,  but  the  tendency  to 
cause  headache — which  is,  I  think,  even  more  marked  with 
the  nitrate  than  the  nitrite  of  ethyl — is  a  still  more  pro- 
minent feature  in  the  action  of  the  propyl,  isobutyl,  and 
isoamyl  compounds,  and  I  have  not  used  them  medicinally. 

Although  I  regard  the  nitrites  and  the  organic  nitrates 
as  of  the  greatest  value  in  relieving  and  preventing  anginal 
attacks,  and  in  helping  to  ward  off  the  fatal  result  in  which 
any  attack  might  terminate,  I  cannot  rank  them  high  as 
curative  agents. 

Doubtless,  when  attacks  of  angina  are  warded  off  and 
rendered  less  severe  by  the  use  of  tension  depressors, 
recovery  does  at  times  take  place,  as  Dr.  Murrell  has  well 
shown  in  some  of  the  cases  which  he  has  so  graphically 
described  in  his  book  on  Nitro-glycerine.  The  relief  from 
pain  and  suffering  may  tend  to  prolong  life,  and  when 
regularly  given  the  heart's  work  may  be  so  decreased  that 
its  nutrition  may  improve.  Perhaps,  too,  the  vessel  walls 
gain  some  advantage  from  the  fact  that  under  the  influence 
of  the  nitrites  their  continued  contest  with  the  blood  current 
is  somewhat  lessened.  But  I  am  by  no  means  satisfied  that 
the  recoveries  from  angina  pectoris  which  have  been 
reported  after  nitrites  and  nitro-glycerine  are  really  due 
to  these  drugs.  Their  employment  is  only  one  element, 
though  an  important  one,  in  the  treatment  of  angina.  It 
should  be  accompanied  by  the  use  of  those  agents  calculated 
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permanently  to  improve  the  condition  of  tlie  vascular 
system,  among  which  I  believe  iodide  of  potassium  and 
arsenic  hold  a  foremost  place. 

Cardiac  Dyspnoea. 

Next  to  the  relief  of  angina  the  nitrites  are  of  most 
service  in  the  prevention  of  dyspnoea  connected  with  other 
forms  of  cardiac  and  with  pulmonary  disease.  The  theories 
which  have  been  broached  to  account  for  cardiac  dyspnoea 
are  many  in  number,  but  hj^-perdistension  of  the  pulmonary 
vessels  is  regarded  in  most  cases  as  the  immediate  cause 
of  the  continued  shortness  of  breath  associated  with  cardiac 
dilatation  and  valvular  lesions.  The  heart  is  at  times 
unable  to  send  the  blood  on  its  way  through  the  system, 
because,  owing  to  the  weakening  of  its  walls  or  the  narrow- 
ing of  the  vessels,  there  is  a  disproportion  between  the 
power  of  the  heart  and  the  obstacle  it  has  to  overcome ; 
from  these  causes  or  from  a  defective  valve  the  pulmonary 
vessels  may  be  kept  constantly  overfull. 

The  dyspnoeal  paroxysms  may  depend  immediately  on 
many  causes,  but  most  frequently  they  are  due  to  sudden 
increase  in  the  difficulty  which  the  heart  experiences  in 
driving  the  blood  onwards  through  the  systemic  system, 
either  from  a  passing  increased  narrowness  of  the  arterioles 
or  from  a  temporary  failure  of  cardiac  power.  Paroxysms 
of  dyspnoea  in  cardiac  disease  may  likewise  occur  from 
exacerbations  of  pulmonary  hypersemia  and  oedema. 
Unfortunately  it  is  not  always  possible  to  determine  whether 
attacks  of  dyspnoea  with  which  we  have  to  deal  are  due  to 
heart  failure,  vascular  contraction,  or  some  other  cause : 
often,  indeed,  more  causes  than  one  are  present,  hence  the 
difficulty  of  coming  to  any  conclusions  as  to  the  cases  in 
which  tension  reducers  may  be  of  service,  but  in  certain 
forms  of  cardiac  trouble  they  are  usually  of  special  value. 

In  the  dyspnoeic  attacks  which   so   often   accompany 
cardiac  dilatation  connected  with  alcohol,  gout,  etc.,  I  have 
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seen  nitrites  of  ethyl  and  sodium  and  nitro-glycerine  give 
niuch  relief.  By  dilating  the  vessels  for  a  time  they  enable 
the  heart  to  do  its  work,  and  thus  relieve  the  congestion  of 
the  lung  vessels.  The  question  arises :  If  the  dyspnoeic 
attacks  are  connected  with  cardiac  failure,  can  they  do 
harm  in  virtue  of  their  cardiac  depressant  influence  ?  I 
believe  large  doses  might  work  evil,  but  in  small  quantities, 
such  as  1  to  2  drops  of  1  per  cent,  nitro-glycerine,  1  to  2 
drachms  of  the  2^  per  cent,  solution  of  nitrite  of  ethyl,  or  2 
grains  of  sodium  nitrite,  the  action  is  always  in  favour  of  the 
heart.  These  small  quantities  can  powerfuUv  dilate  the 
vessels,  but  they  do  not,  in  an  important  measure,  depress 
the  heart.  Experiments  on  animals,  as  I  have  pointed  out, 
show  that  very  small  quantities  increase  rather  than 
decrease  the  amount  of  work  a  heart  can  do.  I  have  given 
the  doses  I  have  named  in  a  very  large  number  of  cases, 
and  never  seen  the  slightest  indication  pointing  to  possible 
evils.  The  amount  administered  may  be  cautiously  in- 
creased without  any  risk  if  the  relief  be  insufficient,  or  the 
efficacy  first  noticed  seems  afterwards  to  fail. 

In  the  case  of  nitrites,  increase  of  danger  is  not  propor- 
tioned to  increase  of  dose.  When  relief  is  not  obtained  by 
a  small  dose,  and  when  no  physiological  effects  follow,  such 
as  throbbing  in  the  head  or  palpitation,  I  find  it  quite  safe 
to  repeat  the  dose  in  half  an  hour.  It  is  desirable,  when 
the  larger  doses  are  given,  or  when  the  drug  is  given  more 
frequently,  that  the  patient  should  rest.  Discomforts 
which  have  arisen  after  small  doses  of  the  nitrite,  such  as 
3  grains  of  sodium  nitrite,  have  for  the  most  part  occurred 
in  those  who  have  been  pursuing  their  ordinarj^  avocations. 

I  am  not  deterred  from  giving  nitrites  in  dyspnoea  by 
irregularity  or  weakness  of  the  pulse,  for  I  find  that  in 
dyspnoea  they  do  not  tend  to  cause  syncope  or  lead  to  heart 
failure.  Dr.  Sansom  has  published  a  case  in  which  a 
patient  with  an  extremely  weak  and  irregular  heart's  action 
was  in  the  habit  of  taking  six  to  twelve  nitro-glycerine 
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tablets  daily  without  medical  advice.  I  have  met  with  one 
or  two  similar  instances  in  which  people  with  very  dilated 
hearts  have  found  such  relief  from  nitro-glycerine  tablets 
that  they  have  continued  to  take  them  for  months,  and  I 
have  no  doubt  that  many  sufferers  take  them  habitually 
without  advice.  I  can  easily  conceive  that  grave  mischief 
might  arise,  but,  so  far,  I  have  met  with  no  record  of  it. 
Fortunately,  there  seems  to  be  a  special  tolerance  of  nitrites 
in  such  cases.  When  with  cardiac  dilatation  moist  sounds 
at  the  base  give  evidence  of  bronchitis  or  lung  oedema,  the 
nitrites  generally  fail  to  relieve  but  by  no  means  always. 
Partial  relief  is  indeed  not  uncommon,  and  a  few  doses  of 
a  nitrite  are  always  worthy  of  trial. 

In  the  paroxysms  of  dyspnoea  which  occur  in  many 
valvular  diseases  of  the  heart  the  nitrites  are  sometimes  of 
great  service.  But  here,  as  in  simple  cardiac  dilatation, 
they  often  fail  when  there  are  abundant  moist  sounds  at  the 
bases  of  the  lungs.  Thej''  will  fail  to  remove  dyspnoea,  too, 
as  all  other  remedial  agents  fail,  in  very  advanced  con- 
ditions of  cardiac  disease,  yet  even  in  the  most  unpromising 
cases  they  are  at  times  of  the  greatest  value  in  the  relief  of 
distress,  so  much  so  that  patients  will  often  beg  for  the 
repetition  of  the  dose  which  has  given  so  much  comfort. 

The  nitrites  are  naturally  most  useful  in  mitral  disease, 
since  here  paroxysmal  dyspnoea  is  more  frequent  than  in 
aortic  troubles,  but  aortic  incompetence  is  no  bar  to  the  use 
of  nitrites  in  small  quantities  when  the  breathing  is 
oppressed.  In  valvular  disease  as  in  simple  dilatation, 
weakness  and  irregularity  of  the  heart's  action  need  not  be 
taken  into  account  in  giving  small  doses  of  the  nitrites  for 
dyspnoeic  attacks ;  such  doses  do  no  harm  even  if  they  do 
no  good.  In  a  few  cases,  as  I  have  already  said,  I  have 
known  irregularities  cease  under  their  employment. 

Against  the  utility  of  nitrites  in  cardiac  dyspnoea  it 
might  be  urged  that  as  their  vascular  influence  is  but  transi- 
tory, so  also  will  be  the  relief  they  give,  and  this  is  true ; 
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but  here,  as  m  the  case  of  other  remedies,  we  find  that 
relief  is  not  limited  to  the  period  during;  which  the  medi- 
cine directly  acts.  When  unduly  contracted  arteries  are 
dilated,  they  do  not  forthwith  resume  their  contracted 
condition  as  soon  as  the  effect  of  the  nitrite  on  the  vessel 
wall  has  passed  away.  Whether  the  dilatation  of  the  pul- 
monary vessels  by  nitrites  is  one  factor  in  the  relief  they 
give  in  cardiac  dyspnoea  we  cannot  say,  but  the  very  marked 
effect  they  can  be  shown  experimentally  to  produce  in 
dilating  these  vessels  seems  to  render  it  likely  that,  besides 
increasing  the  calibre  of  the  systemic  vessels  and  easing 
the  left  heart,  they  at  the  same  time,  by  widening  the  lung 
vessels,  relieve  the  strain  on  the  right  heart. 

Since  paroxysmal  cardiac  dyspnoea  has  many  causes, 
some  of  which  are  not  influenced  at  all  by  vascular  dilata- 
tion, it  follows  that  sometimes  no  relief  is  obtained  from 
nitrites,  but,  as  a  routine  remedy  for  this  dyspnoea,  I  believe 
there  is  nothing  better. 

For  the  past  two  or  three  years  nitrites  have  been 
resorted  to  habitually  in  my  wards  of  the  infirmary  at 
Manchester,  in  all  forms  of  dyspnoea.  Comparing  their 
effects  with  those  obtained  from  ether  and  ammonia  in 
paroxysmal  attacks  of  cardiac  dyspnoea,  T  have  no  hesitation 
in  saying  that  the  nitrites  are  by  far  the  most  beneficial. 
I  have  used  a  solution  of  nitrite  of  ethyl  in  absolute  alcohol, 
but  nitro-glycerine  or  nitrite  of  sodium  with  alcohol  might 
be  in  some  respects  perhaps  better  since  they  are  more 
stable. 

For  the  permanent  short-breathedness  of  cardiac  disease 
the  nitrites  are,  I  believe,  less  useful  than  for  dyspnoeic 
attacks.  Occasionally  a  measure  of  relief  may  be  given 
to  the  heart's  work  by  them  which  is  doubtless  beneficial  to 
this  organ,  but  I  do  not  think  it  possible  to  keep  the  tension 
permanently  low,  either  by  nitrites  or  nitro-glycerine,  for 
by  persistent  administration  at  short  intervals  their  vascular 
dilating  power  lessens  somewhat,  and,  with  large  continuous 
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doses,  methaemoglobin  might  be  produced.  I  have  found 
some  patients  with  weak  dilated  hearts,  and  suffering  from 
dyspnoea  on  slight  exertion,  experience  great  relief  from  a 
few  small  doses  daily  of  nitro-glycerine,  and  I  think  I  have 
seen  some  permanent  advantage  derived  from  this  treat- 
ment. In  some  other  special  conditions  connected  with 
cardiac  disease  the  nitrites  have  been  found  of  service,  as, 
for  example,  in  aortic  insufficiency  with  hypertrophy  and 
severe  headache. 

We  often  meet  with  patients  just  past  the  middle  period 
of  life,  stout,  and  with  some  evidence  of  fattv  cardiac 
change,  who  feel  a  sense  of  discomfort  on  any  exertion,  and 
are  therefore  unable  to  take  exercise,  and  who  at  times  have 
somewhat  smart  attacks  of  dyspnoea  from  slight  causes.  In 
these  cases  I  think  the  nitrites  not  only  useful  in  the 
attacks,  but  also  in  giving  comfort  when  taken  regularly. 
A  tablet  or  two  of  nitro-glycerine,  when  taken  twice  daily, 
will  often  remove  long-standing  discomforts  due  to  the 
readiness  with  which  dyspnoea  is  excited,  and  a  permanent 
improvement  at  times  ensues,  because,  with  the  aid  of  the 
nitro-glycerine,  patients  are  able  to  take  a  certain  amount 
of  exercise. 

Even  in  advanced  fatty  changes  I  have  no  hesitation 
in  giving  small  doses  of  the  nitrites,  both  to  relieve  and 
prevent  dyspnoea.  I  question  whether  the  heart  in  this 
condition  is  weakened  by  them  at  all,  but  of  this  I  am  quite 
sure,  it  is  much  relieved  and  aided  in  its  work. 


Syncope  and  Cardiac  Failure. 

A  difficult  question  to  decide  is  whether  nitrites  should 
be  used  in  syncope  and  cardiac  failure. 

The  flushed  face  produced  by  amyl  nitrite  led  to  the  idea 
that  it  might  be  of  service  in  syncope,  for  which  purpose, 
indeed,  it  was  proposed  in  the  first  paper  on  its  action,  by 
Guthrie  in  1859.     In  18T1  Dr.  Goodhart  again  suggested 
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its  use  in  sudden  failure  of  tlie  heart's  action,  and  in  the 
same  year  Dr.  Talfourd  Jones  gave  it  with  apparent 
advantage  to  a  patient  who  had  fainted.  Since  this  time 
it  has  often  been  recommended  and  given  in  cases  of 
apparent  heart  failure  from  various  causes,  including 
cardiac  failure  due  to  chloroform,  and  so  far  as  I  am  aware 
no  evil  consequences  have  ever  appeared  to  result  from  its 
employment;  on  the  contrary,  distinct  and  immediatb 
improvement  in  the  patient's  condition  is  said  to  have 
followed  its  use. 

Nitro-glycerine,  too,  has  been  given  in  syncope  and 
collapse,  and  in  one  case  of  collapse  during  the  passing  of 
gall  stones ;  and  when  the  patient  was  pulseles^s  it  is 
recorded  that  ten  drops  of  a  1  per  cent,  solution  of  nitro- 
glycerine were  injected  with  advantage. 

Reichert  especially  has  claimed  the  nitrites  as  valuable 
cardiac  stimulants,  and  in  support  of  his  contention  has 
marshalled  a  series  of  cases  of  heart  failure,  in  which  they 
seemed  to  prove  useful.  As  I  have  indicated  when  speaking 
of  the  pharmacology  of  the  nitrites,  there  is  ground  for 
thinking  that  the  initial  influence  of  small  doses  of  nitrites 
on  the  circulation  is  a  stimulant  one,  notwithstanding  that 
they  are  so  capable  in  large  doses  of  weakening  the  heart's 
action.  Syncope  is  the  result  of  a  failure  of  the  heart  to 
supply  the  cerebrum  with  a  due  amount  of  blood,  and  to 
this  failure  arterial  dilatation  and  lowered  tension  some- 
times contribute.  When  this  is  the  case  it  would  appear 
that  the  administration  of  nitrites  might  be  gravely 
dangerous  since  they  so  powerfully  lower  tension.  But 
spasmodic  contraction  of  the  arterial  vessels  is  probably  in 
some  cases  one  cause  of  the  insufficient  supply  of  blood 
which  leads  to  syncope,  and  here  for  increasing  the  cerebral 
supply,  nitrites  would  be  of  service. 

When,  too,  sufficient  blood  is  not  driven  into  the  brain, 
owing  to  deficient  power  in  the  heart  itself,  nitrites  may  be 
useful  by  their  direct  influence  on  this  organ,  and  indirectly 
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by  dilating  the  vessels,  and  thus  relieving  the  heart  of  some 
portion  of  its  work. 

Whilst  then  in  some  forms  of  syncope  harm  might  be 
done,  and  even  a  fatal  result  brought  about  by  full  doses  of 
nitrites,  it  seems  very  probable  that  in  others  good  results 
will  follow  from  their  employment,  and  since  no  bad  effect 
has  yet  been  recorded  from  the  use  of  nitrites  in  syncope, 
whilst  in  many  cases  great  advantage  has  followed  their 
use,  the  employment  of  small  doses  of  nitrites  in  syncopal 
conditions  seems  to  be  well  justified. 

In  cardiac  failure,  too,  there  is  evidence  that  good 
results  have  followed  both  from  the  use  of  amyl  nitrite  and 
nitro-glycerine,  and  it  seems  to  me  that  these  are  grounds 
for  the  use  of  the  drugs  in  small  quantities.  A  failing  heart 
will  under  their  influence  beat  more  quickly,  and  w^ll  be 
relieved  of  a  certain  portion  of  its  work  by  the  dilatation  of 
the  vessels.  But  the  difliculty  is  to  graduate  the  amount  of 
nitrite  to  the  necessities  of  the  heart.  If  any  nitrite  were 
by  inhalation  thrown  into  the  blood  in  large  quantities,  it 
might  stop  the  action  of  a  failing  heart. 

Pulmonary  Dyspnoea. 

For  the  relief  of  dyspnoea  due  to  asthma  and  bronchitis, 
the  nitrites  and  nitro-glycerine  have  been  occasionally  used 
since  Dr.  Talfourd  Jones,  in  1871,  recorded  the  beneficial 
efi'ects  of  the  inhalation  of  amyl  nitrite  during  an  asthmatic 
paroxysm.  Five  years  ago  Professor  Fraser  published  the 
results  of  his  investigations  on  the  influence  of  the  nitrites 
of  amyl,  ethyl,  and  sodium  in  the  dyspnoea  connected  with 
asthma  and  bronchitis^.  He  found  that  in  asthmatic 
paroxysms  the  inhalation  of  these  nitrites  was  capable  of 
completely  relieving  the  respiration,  and  removing  ihe 
adventitious  lung  sounds.  Usually  the  rhonchi  returned 
when  the  elfect  of  the  nitrites  passed  away;    at  times  the 

^  Trans.  Ed.  Med.  Chir.  Soc,  vol. 
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relief  was  permanent.  AYith  the  nitrites  of  ethyl,  sodium, 
and  nitro-glycerine,  he  generally  noted  in  half  a  minute  a 
decrease  of  the  adventitious  sounds,  lessened  dyspnoea,  and 
relief  in  three  to  five  minutes.  As  might  be  expected,  the 
effects  were  more  prolonged  than  after  nitrite  of  amyl.  In 
61  observations  made  on  25  patients  suffering  from  bron- 
chitis, in  some  cases  accompanied  with  dyspnoeic  paroxysms, 
the  nitrite  in  48  removed  every  vestige  of  rhonchus  or  sibilus 
for  various  periods  of  time.  In  10  the  sounds  were  lessened, 
but  they  were  not  altogether  silenced ;  in  three  the  effects 
were  slight  or  negative,  and  in  these  the  dyspnoea  was  not 
relieved.  I  cannot  say  my  experience  of  the  use  of  nitrites 
in  asthma  and  bronchitis  has  been  as  favourable  as  that 
recorded  by  Fraser.  Nevertheless,  I  have  seen  a  large 
measure  of  relief  afforded  in  pulmonary  dyspnoea  by  them. 
In  typical  asthma  I  have  often  seen  complete  and  rapid 
relief  afforded,  yet  in  some  cases  hardly  the  slightest  benefit 
arises  either  from  inhalation  of  amyl  nitrite  or  from  the 
administration  of  large  doses  of  the  other  nitrites.  In  the 
less  severe  asthmatic  attacks,  which  are  apt  to  come  on 
from  time  to  time  in  nervous  people  subject  to  slight 
bronchitis,  the  attack  is  almost  always  cut  short  by  nitrites  ; 
and  where  marked  bronchitis  symptoms  are  permanently 
present  and  asthmatic  exacerbations  also  occur,  the  nitrites 
give  relief  to  the  urgent  dyspnoea  in  a  large  proportion  of 
the  cases,  yet  by  no  means  in  all.  The  disappearance  of  the 
rhonchi  in  bronchitis  under  the  influence  of  the  nitrites  I 
have  often  seen,  but  it  does  not  in  my  experience  occur  so 
frequently  as  in  the  cases  observed  by  Eraser. 

Where  abundant  moist  sounds  are  present  owing  to  a 
large  amount  of  secretion  in  the  bronchial  tubes,  the 
nitrites  generally  are  of  little  service.  But  in  dyspnoea  with 
bronchitis,  indicated  by  abundant  sibilant  and  sonorous 
rhonchi,  and  also  in  asthmatic  paroxysms,  amelioration  is 
at  least  the  rule  ;  at  times  paroxysmal  dyspnoea  is  cut  short 
by  a  single  dose  of  one  of  the  nitrites,  and  may  not  recur 
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for  hours.  In  bronchitic  dyspnoea  the  duration  of  the  relief 
varies,  but  usually  lasts  as  long  as  the  influence  on  the 
circulation.  From  this  Eraser  thinks  that  the  nitrites 
produce  their  effect  by  relaxing  the  muscles  of  the  bronchial 
tubes,  in  the  same  manner  as  they  relax  the  contraction  of 
the  blood  vessels,  and  that  this  effect  is  the  essential  cause 
of  the  relief  nitrites  give  in  dyspnoea.  From  the  marked 
effect  of  nitrites  in  some  cases  of  asthma  and  bronchitis,  and 
from  the  evidence  we  have  of  the  influence  which  nitrites 
exert  on  involuntary  muscle  fibre,  it  certainly  seems 
probable  that  they  are  capable  of  increasing  the  lumen  of 
bronchial  tubes  when  narrowed  by  contraction  of  muscular 
fibre  which  surrounds  them ;  but  it  by  no  means  follows 
that  such  contraction  is  the  sole  cause  of  asthmatic 
paroxysms  or  the  exacerbations  of  dyspnoea  in  bronchitis. 
There  is  a  want  of  uniformity  in  the  action  of  nitrites  which 
I  should  hardly  expect  if  paroxysmal  dyspnoea  depended 
entirely  upon  contraction  of  the  bronchial  muscles  alone. 
Moreover,  dyspnoeic  attacks  are  at  times  relieved  by  nitrites 
without  any  marked  alteration  in  the  auscultatory  signs. 

It  seems  to  me  likely  that  some  alteration  takes  place  in 
the  bronchial  mucous  membrane  more  or  less  coincident 
with  spasmodic  contraction  of  the  bronchial  muscles. 

Sir  Andrew  Clark  ^  has  suggested  as  a  cause  for 
asthmatic  paroxysms  a  sudden  hypergemic  swelling  of  the 
mucous»  membrane  of  the  bronchial  tubes  comparable  to  the 
changes  which  occur  in  the  skin  in  urticaria.  Fraser  is  of 
opinion  that  the  relief  afforded  by  the  nitrites  in  asthma  is 
opposed  to  such  a  theory,  because  the  dilating  action  on  the 
vessels  which  he  supposes  occurs  in  the  bronchi,  as  in  all 
the  other  vessels  of  the  body,  would  increase  or  prolong  the 
paroxysm  instead  of  controlling  or  checking  it.  With  this 
view  I  cannot  coincide ;  for  if  the  tumidity  of  the  mucous 
membrane  connected  with  asthmatic  attacks  resembles  that 
which  occurs  in  urticaria,  it  is  probable  that  it  is  associated 

1  Int.  Journ.  of  Med.  Sci.,  1886,  p.  105. 
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with  spasm  ;  at  least  in  urticaria  antecedent  spasm  is  held  as 
probable.  It  is  not  likely  that  vascular  dilatation  would  be 
present  at  any  one  time  over  the  whole  mucous  membrane 
affected;  it  is  more  probable  that  spasm  and  dilatation 
would  coexist  in  different  portions  of  the  mucous  membrane. 
Such  a  condition  the  administration  of  nitrites  would  tend 
to  relieve.  By  decreasing  spasm  they  would  tend  to  restore 
the  mucous  membrane  to  its  normal  condition.  It  is  just 
possible,  too,  that  the  dilating  influence  exerted  on  the 
pulmonary  vessels  by  the  nitrites  may  to  some  extent 
relieve  the  bronchial  vessels. 

As  a  rule  nitrites  are  well  borne  by  dyspnoeic  patients, 
and  large  doses  may  be  safely  given  if  experience  shows  they 
are  needed.  I  have  administered  1  drachm  of  a  2^  per  cent, 
solution  of  ethyl  nitrite  every  ten  minutes,  until  3  or  4 
drachms  have  been  taken.  Sodium  nitrite  is  at  times  borne 
better  in  pulmonary  dyspnoea  than  ethyl  nitrite,  and  some- 
times the  reverse  is  the  case. 

The  spiritus  setheris  nitrosi  of  the  Pharmacopoeia  would 
be  equally  serviceable  if  it  always  contained  a  definite 
amount  of  the  ethereal  nitrite,  but  the  rapid  deterioration 
in  the  strength  of  this  ingredient,  which  at  times  takes 
place,  renders  it  uncertain  in  its  influence.  Perhaps  the 
best  preparation  would  be  liquor  trinitrini  combined  with 
a  small  quantity  of  rectified  spirit.  Headache,  however, 
seems  to  me  more  common  after  trinitrine  than  after 
nitrites.  Of  late  I  have  used  ethyl  nitrate  in  doses  of  from 
5  to  10  minims,  and  find  that  it  is  quite  as  efficacious  as 
ethyl  nitrite,  and  that  its  influence  lasts  longer.  Amyl 
nitrite  acts  for  too  short  a  time  to  be  of  service. 

The  nitrites  must  not  be  looked  on  as  curative  agents  in 
bronchitis ;  they  are  capable  often  of  relieving  dyspnoea, 
and  by  dilating  the  vessels  of  the  lung  they  may  possibly 
temporarily  relieve  the  right  heart.  But  in  the  ordinary 
forms  of  bronchitis  their  regular  administration  does  not, 
as  a  rule,  prove  very  advantageous.     It  is  for  the  relief  of 
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dyspnoeic  conditions  they  should  be  reserved,  and  even  then 
they  often  fail  when  abundant  moist  sounds  indicate  that 
the  difficulty  of  breathing  is  connected  with  accumulation 
of  bronchial  mucous  rather  than  with  spasm  of  the  tubes 
or  vessels.  By  some  the  nitrites  have  been  used  in 
pneumonia,  lung  oedema,  and  many  other  lung  ailments. 
It  is  quite  possible  that  they  may  give  relief  at  times,  but 
I  question  whether  they  can  be  looked  on  as  curative. 

TJr^mic  Dyspncea. 

In  ursemic  dyspncea  I  have  been  at  times  disappointed 
in  the  use  of  nitrites.     Scattered  through  the  journals  are 
many  records  of  the  utility  both  of  nitro-glycerine  and  amyl 
nitrite  in  this  condition.     I  also  have  found  them  advant- 
ageous, yet  they  have  often  failed.     They  are  indeed  well 
borne  in  large  doses,  but  the  relief  they  give  is  usually 
transient.     Perhaps  it  may  be  that  uraemic  dyspnoea  owns 
another  cause  besides  those  which  are  the  chief  factors  in 
cardiac  and  pulmonary  lesions.     Huchard  is  of  opinion  that 
even  in  that  altered  condition  of  the  arterial  walls  which 
often  so  long  precedes  renal  disease  (and  which  may  indeed 
terminate  life  by  the  cardiac  troubles  it  induces,  apart  from 
renal  disease),  toxic  products  may  accumulate  in  the  blood, 
l)ecause  the  kidney  is  unable  from  the  changes  in  its  vessels 
to  eliminate  them.     He  adduces  in  support  of  his  views  the 
non-toxic  effect  of  the  urine  in  these  cases,  and  ho  looks  on 
the  dyspnoea  which  occurs  as  the  result  of  the  reaction  on 
the  body  of  toxines  which  would  have  been  eliminated  had 
the  kidney  been  perfectly  healthy.     In  Bright's  disease  this 
toxic  material  must  be  often  present,  and  it  seems  possible 
that  in  some  cases  it  may  exert  its  influence  so  strongly  as 
to  neutralise  the  effects  of  the  nitrite  molecule,  as  I  have 
shown  barium  neutralises  it  outside  the  body.     There  must 
be  great  variations  in  the  amount  of  toxic  material  present 
at  various  times,  and  it  may  be  this  variation  accounts  for 
the  different  effects  produced  by  nitrites  under  apparently 
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the  same  conditions.  Nitrites  and  nitro-glycerine  cannot 
be  relied  upon  to  combat  the  high  tension  which  is  often 
present  long  before  renal  disease  declares  itself.  They  act 
quickly,  but  not  continuously,  for  they  are  easily  elimin- 
ated. There  is  reason  to  believe,  too,  the  tissues  get 
accustomed  to  them  if  they  are  given  frequently,  and 
become  less  influenced  by  them;  hence  I  believe  their 
frequent  administration  is  not  desirable  in  this  condition, 
which,  as  Huchard  and  others  have  pointed  out,  should  be 
met  by  milk  diet  and  eliminants.  But  to  relieve  some  of 
the  discomforts  arising  from  high  tension — as  headache, 
heaviness,  and  dyspnoea  —  the  administration  of  liquor 
trinitrini  or  the  nitrites  is  often  of  great  service,  and  in  the 
dyspnoeic  paroxysms  which  accompany  the  heightened 
tension  from  arterial  changes  when  cardiac  dilatation  has 
commenced,  these  drugs  are  of  the  greatest  value  if  given 
in  sufiicient  doses. 

Let  me  lay  stress  on  the  word  "  sufficient."  The  doses 
in  these  cases  must  usually  be  large,  and  an  amount  which 
will  dilate  the  vessels  ordinarily  very  fully  may  have  too 
slight  an  effect  to  be  of  service  in  chronic  Bright's  disease. 
Yet,  even  in  this  ailment,  full  doses  at  times  produce  alarm- 
ing symptoms,  and  even  moderate  amounts  may  give  rise 
to  discomforts.  It  is  never  wise  to  commence  the  adminis- 
tration of  nitrites  and  nitro-glycerine  with  large  doses. 


Cheyne-Stokes  Respiration. 

Filehne,  many  years  ago,  noticed  that  the  inhalation  of 
amyl  nitrite  will  remove  the  Cheyne-Stokes  respiration, 
and  attributed  its  result  to  its  effect  on  the  vasomotor 
mechanism.  Gibson,  however,  finds  that  though  it  has  this 
effect  in  some  cases,  owing,  he  thinks,  to  its  stimulating 
effect  on  the  central  nervous  structures,  it  produced  no 
influence  in  others  ^. 

^  Practitioner,  vol.  xxxviii.,  p.  86. 
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Migraine  and  Headache. 

For  the  relief  of  headache  the  nitrites  and  nitro-ojlycerine 
have  been  mucli  employed,  and  considerable  success  has 
been  recorded  from  their  use.  Amyl  nitrite  has  been 
specially  credited  with  the  power  of  relieving  migraine,  and 
sometimes  curing  it.  That  it  will  at  times  cut  short  an 
attack,  no  one  who  has  used  it  extensively  as  I  have  done 
can  doubt,  but  in  my  hands  its  failures  have  far  out- 
numbered its  successes.  Even  if,  as  has  been  suggested, 
the  immediate  cause  of  suffering  in  some  forms  of  migraine 
is  connected  with  local  vascular  contraction,  it  is  not  likely 
that  a  very  temporary  dilatation  of  the  vessels  could  be 
relied  on  to  restore  a  normal  condition.  We  know,  however, 
how  suddenly  tension  may  fall,  and  inhalation  of  amyl 
nitrite  coming  at  the  right  time  may  be  the  final  cause  o£ 
relief,  the  dilatation  which  it  causes  not  being  followed  by 
contraction.  But  perhaps,  as  Pick  long  ago  suggested,  it 
is  sometimes  probably  a  kind  of  "  surprise  influence,'^ 
which  immediately  takes  away  the  pain  when  nitrite  of 
amyl  is  inhaled,  just  as  any  other  influence,  physical  or 
mental,  may  have  the  same  effect.  It  not  infrequently 
happens  that  after  amyl  nitrite  inhalation  has  succeeded 
once  or  twice,  it  subsequently  quite  fails  to  give  relief.  The 
drug,  indeed,  has  not  maintained  its  promise,  the  utility 
attributed  to  it  in  the  accounts  of  earlier  reporters  has  not 
been  borne  out  by  frequent  use.  It  does  not  seem  likely 
that  nitrite  of  amyl  can  permanently  cure  migraine. 

Nitrite  of  amyl  has  been  used  to  combat  slight  forms  of 
headache ;  and  here,  too,  it  is  sometimes  successful  in  giving 
relief,  but,  as  it  at  times  greatly  intensifies  the  pain,  its 
general  employment  has  fallen  into  disrepute.  Nitro- 
glycerine is  probably  a  far  more  effective  remedy  than  amyl 
nitrite.  Dr.  Hammond  and  many  others  have  borne  strong 
testimony  to  its  utility  in  migraine.  It  is  naturally  most 
useful  in  those  attacks  in  which  the  face  is  pale  and  the 
radial  artery  tense.     A  drop  or  two  of  nitro-glycerine  in 
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these  conditions  I  have  sometimes  seen  give  rapid  and  long- 
lasting  relief,  yet  this  effect  is  by  no  means  always  seen, 
and  in  neurotic  patients  and  those  with  low  tension  and  an 
easily  excitable  circulation,  discomforts  may  be  consider- 
ably aggravated.  I  believe,  however,  that  nitro-glycerine 
might  with  advantage  be  more  frequently  used  for  the  relief 
of  migraine  and  headache  generally,  if  care  were  taken  to 
employ  it  only  where  the  circulatory  conditions  point  to 
some  degree  of  high  tension.  That  migraine  and  other 
forms  of  headache  have  permanently  disappeared  under  its 
use  I  do  not  doubt ;  it  is  by  no  means  so  certain  that  this 
effect  has  followed  because  of  its  use.  The  dose  of  nitro- 
glycerine given  for  the  relief  of  headache  should  always  be 
in  the  first  place  small.  Even  a  single  drop,  if  the  case  be 
not  suitable,  may  prove  very  unpleasant  for  the  patient.  It 
is  sufficient  in  doubtful  cases  at  least,  to  commence  with 
half  a  drop  of  liquor  trinitrini.  If  slight  relief  or  no  relief 
ensue  in  half  an  hour,  a  drop  may  be  given,  and  later  on, 
if  necessary,  larger  doses. 

Neuralgia. 
In  neuralgia,  especially  of  the  fifth  nerve,  the  adminis- 
tration of  nitrite  of  amyl  and  nitro-glycerine  has  been 
followed  by  relief.  Considering  the  trivial  circumstances 
which  seem  at  times  both  to  bring  on  and  to  remove 
neuralgic  pain,  we  can  hardly  be  surprised  that  agencies 
which  so  powerfully  affect  the  circulation  should  have  a 
distinct  influence  in  this  ailment.  In  the  majority  of  cases 
both  amyl  nitrite  and  nitro-glycerine  have  in  my  hands 
failed  to  give  relief,  and  it  has  appeared  to  me  probable  that 
where  they  have  removed  pain  their  success  has  been  due 
to  circulatory  influence,  to  what  I  have  called  a  ''  surprise  " 
effect,  or  to  suggestion. 

Strychnine  Poisoning  and  Tetanus. 
Dr.  H.  C.  Wood  has  proved  that  amyl  nitrite  depresses 
the  reflex  influence  of  the  cord,  and  it  has  been  suggested 
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that  this  power  might  be  utilised  in  strychnine  poisoning. 

Experiments  have  been  made  which  seem  to  show  that  in 

the  rabbit  nitrite  of  amyl  antagonises  to  some  extent  the 

lethal  influence  of  strychnine ;  ^  but,   as  Dr.  H.  A.  Hare 

points  out,^  to  be  of  service  its  full  physiological  action  must 

be  continuously  present,  and  inhalation  will  not  suffice.     I 

do  not  see  how  this  drug  can  be  of  any  practical  use  in 

strychnine  poisoning  in  man,  nor  is  it  likely  that  in  tetanus 

it  will  prove  an  available  remedy,   although  some   cases 

have  recovered  after  its  use.     The  long-lasting  effect  of  the 

tetanus    poison    cannot,    it    seems    to    me,    be    effectively 

antagonised  by  the  fleeting  action  of  nitrite  of  amyl  or  other 

nitrites. 

Epilepsy. 

In  epilepsy  nitrites  of  amyl  and  sodium  have  been 
extensively  tried,  but  the  testimony  as  to  their  value  is  by 
no  means  uniform.  Their  employment  rests  to  some  extent 
on  pharmacological  grounds,  for  the  nitrites  in  large  doses 
depress  the  functions  of  the  cerebral  cells ;  they  likewise 
dilate  those  vessels,  the  contraction  of  which  is  a  con- 
comitant— and  some  have  thought  a  cause — of  epileptic 
seizures.  Moreover,  it  has  been  shown  by  Sir  J.  Crichton- 
Browne  that  when  the  brain  of  a  rabbit  rendered  epileptic 
by  artificial  means  is  stimulated,  convulsions  will  not  follow 
in  the  usual  manner  if  amyl  nitrite  be  inhaled.^  In  favour 
of  the  utility  of  nitrite  of  amyl  we  have  had  the  testimony 
of  Sir  J.  Crichton-Browne  and  Dr.  Weir  Mitchell.  The 
former  found  it  specially  serviceable  in  the  ''  status 
epilepticus."  Others  say  they  have  seen  nitrite  of  sodium 
advantageous,  whilst  Osier  thinks  he  has  used  nitro- 
glycerine with  a  certain  amount  of  success.  But  many 
capable  observers  believe  that  the  nitrites  are  of  no  avail  in 
epilepsy.  It  seems  to  me  unlikely  that  substances  having 
such  temporary  influence  on  functions  and  tissues  as  the 

nitrites  can  be  of  any  great  benefit.     Personally  I  have  not 

^  St.  Clair  Gray,  Glasgow  Medical  Journal,  1871,  p.  166. 

2  Boston  Medical  Jofirnal,  vol.  cxi.,  p.  481. 

*  Wei^t  Riding  Lunatic  Reports^  vol.  iii.,  p.  168. 
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seen  good  arise  from  their  employment,  though  I  have  given 
them  a  fair  trial.  It  is,  however,  possible  that  the  inhalation 
of  amyl  nitrite,  when  an  attack  is  immediately  impending, 
may  ward  it  off.  In  the  case  of  nitro-glycerine  and  sodium 
nitrite,  dilatation  of  the  vessels  does  not,  if  ordinary  doses 
be  given,  last  more  than  two  or  three  hours,  and  even  during 
much  of  this  time  the  arteries  are  contracting  after  their 
dilatation.  Unless,  then,  nitrites  are  given  at  very  short 
intervals,  the  protective  effect  must  be  transient.  I  do  not 
anticipate  that  the  nitrites  will  ever  play  an  important  part 
in  the  treatment  of  epilepsy. 

Tinnitus  Aurium. 

Some  evidence  has  been  given  that  both  nitrite  of  amyl 
and  nitro  -  glycerine  are  at  times  of  benefit  in  tinnitus 
aurium.  I  have  seen  some  relief  given  by  nitrites  in  this 
ailment,  but  have  not  had  sufficient  experience  of  its  use  to 
speak  definitely  of  its  advantages. 

Bright's  Disease. 

I  have  already  given  my  views  as  to  the  diuretic  value  of 
nitrites  when  speaking  of  their  pharmacology;  I  propose 
now  to  allude  to  their  employment  in  Bright's  disease.  In 
acute  Bright's  disease  it  is  very  difficult  to  determine  the 
effects  of  a  diuretic.  Spontaneous  increase  in  the  urine 
flow  is  as  much  a  part  of  the  natural  history  of  the  disease 
as  is  the  termination  of  pneumonia  by  defervescence.  In 
ten  cases  of  acute  nephritis,  the  course  of  which  was  not 
influenced  by  medicine,  I  found  that  in  all  diuresis  set  in 
between  the  ninth  and  twenty-first  day.  I  have  certainly 
seen  a  great  increase  in  the  urine  flow  follow  the  administra- 
tion of  the  nitrites  of  ethyl  and  sodium  and  of  nitro- 
glycerine in  many  cases  of  acute  nephritis.  But,  on  the 
other  hand,  this  result  by  no  means  always  follows,  and  I 
know  of  no  means  by  w^hich  it  can  be  determined  whether, 
when  a  diuresis  occurs  in  acute  nephritis  after  a  nitrite,  it 
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is  post  hoc  or  propter  hoe.  General  impressions  are  not  of 
great  value,  but  it  certainly  has  seemed  to  me  that  a  minim 
of  liquor  trinitrini  or  two  grains  of  sodium  nitrite  every 
four  hours  occasionally  expedites  the  advent  of  the  diuresis 
which  precedes  recovery.  Such  medication,  too,  may  tend 
to  decrease  headache  and  other  discomforts  present  in  acute 
Bright's  disease,  and  I  believe  there  is  the  advantage  that 
it  is  incapable  of  doing  harm.  No  evidence  has  yet  been 
given  that  nitrites  can  inflict  any  injury  even  on  an  inflamed 
kidney.  As  I  have  not  found  diuresis  follow  in  a  very  early 
stage  of  acute  Bright's  disease,  I  do  not  give  them  in  the 
earliest  stage  unless  symptoms  are  present  which  seem  to 
render  their  administration  desirable ;  but  in  the  doses  I 
have  mentioned  they  may  be  useful  as  adjuncts  to  other 
methods  of  treatment  if,  after  a  week  or  more  has  elapsed, 
no  critical  diuresis  supervenes. 

In  the  large  white  kidney  and  in  mixed  forms  of  chronic 
nephritis  the  difliculty  of  judging  of  the  value  of  a  remedy, 
though  not  so  great  as  in  acute  Bright's  disease,  is  still 
€onsiderable,  for  here,  too,  we  not  infrequently  meet  with 
spontaneous  diuresis  which  is  apt  to  be  put  down  to  any 
medicine  that  has  been  given.  It  has  been  claimed  that 
nitrites  in  chronic  Bright's  disease  decrease  the  total  amount 
of  albumen  passed  whilst  they  increase  the  amount  of  water 
passed.  I  have  been  unable  to  determine  the  regular 
decrease  in  albumen  which  some  have  seen,  though  decrease 
at  times  occurs,  nor  have  I  been  able  to  note  so  great  an 
alteration  in  the  amount  of  water  passed  as  would  lead  me 
to  believe  that  they  have  a  pronounced  effect  on  its 
excretion.  I  have  indeed,  at  times,  known  profuse  diuresis 
occur  under  their  use.  But,  as  in  acute  Bright's  disease, 
I  have  not  always  been  satisfled  that  it  has  taken  place 
because  of  their  use.  I  have,  indeed,  often  observed  a 
temporary  increase  lasting  a  day  or  two,  and  comparing 
the  amount  of  urine  excreted  during  the  periods  in  which 
nitrites  have  been  given  with  the  amount  passed  before  and 
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after  the  administration  of  nitrites,  I  find  in  a  series  of 
cases  in  which  the  data  are  fairly  reliable,  a  slight  increase 
in  the  amount  of  urine  excreted  under  nitrites.  It  has 
seemed  to  me  that  under  the  influence  of  small  doses  of 
nitrites,  three  or  four  times  a  day,  patients  have  been  on 
the  whole  more  comfortable,  the  skin  acting  better,  and 
dyspnoeic  discomforts,  if  present,  becoming  less  prominent. 

My  impression,  then,  is  in  favour  of  a  use  of  nitrites  in 
Bright's  disease ;  I  do  not  hold  them  to  be  curative,  but 
they  seem  to  give  relief. 

In  the  contracted  form  of  chronic  Bright's  disease,  the 
nitrites  are  often  of  great  value,  especially  in  the  later 
stages.  In  the  earlier  stages,  when  the  chief  symptoms  are 
failing  health  and  high  tension,  I  have  not  seen  them  of 
service,  but  when  there  is  dyspnoea,  and  the  heart's  action 
begins  to  fail  somewhat,  a  minim  of  trinitrin  solution  given 
three  times  daily  will  often  add  greatly  to  the  patient's 
comfort,  and  I  believe  tend  to  prolong  life,  even  though  it 
may  fail  to  subdue  dyspnceic  storms.  It  is  said  to  be  of 
service  in  ursemic  convulsions ;  I  have  not  seen  definite 
advantage  from  it  in  the  few  cases  in  which  I  have  employed 
it. 

Other  Diseases  of  the  GENiTo-uniNAitY  Organs. 

In  dysmenorrhoea  nitro-glycerine  has  been  found  of 
service,  and  it  is  certainly  worthy  of  a  trial.  In  post-jjartum 
uterine  contractions  there  are  records  of  advantages  gained 
by  iis  use,  but  its  vascular  influence  renders  it  a  remedy  of 
doubtful  value  in  these  cases. 

Sea-sickness. 

In  the  relief  of  gastric  disturbances  the  nitrites  can 
play  but  little  part;  utility  has  been  claimed  for  them  in 
enteralgia,  and  they  have  been  given  in  sickness  and  the 
vomiting  of  pregnancy,  like  every  other  conceivable  remedy. 
But  it  is  not  easy  to  see  how  they  can  be  of  service  in  gastro- 
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intestinal  irritation,  foi  neither  nitrous  acid  nor  nitro- 
glycerine are  sedatives.  The  claim  of  nitrite  of  amyl  and 
nitro-glycerine  for  the  relief  of  sea-sickness  seems  to  stand 
on  firmer  ground;  giddiness  from  anaemia  of  the  brain  is 
one  of  the  troubles  of  mal  de  mer,  and  this  may  be  relieved 
by  nitrites.  The  pathology  of  sea-sickness  is  not  sufficiently 
known  to  enable  us  to  say  that  the  nitrite  influence  on  the 
circulation  is  likely  to  combat  the  conditions  which  give 
rise  to  nausea  and  sickness  ;  only  experience  can  determine 
their  value.  It  seems  to  me,  however,  that  the  balance  is 
in  favour  of  the  occasional  efficacy  of  vaso-dilators,  and  one 
or  two  tabellse  of  nitro-glycerine  are  worthy  of  trial.  The 
inhalation  of  amyl  nitrite  seems  to  be  the  most  objectionable 
form  in  which  nitrites  can  be  given  for  sea-sickness. 

I  do  not  propose  to  deal  further  with  the  numerous  ail- 
ments in  which  the  nitrites  and  nitro-glycerine  have  been 
employed.  They  are  credited  with  the  cure  of  ailments 
differing  very  widely  in  character,  as  for  example  ague, 
cholera,  chorea,  and  whooping-cough,  but  a  knowledge  of 
their  pharmacological  properties  makes  it  probable  they  can 
only  relieve  certain  symptoms  connected  with  circulatory 
conditions  which  may  be  present  in  these  ailments. 

Administration  and  Dosage. 

Before  I  finish  with  the  therapeutics  of  the  nitrites  I 
should  like  to  make  a  few  remarks  on  the  employment  of 
the  official  compounds,  and  especially  with  regard  to  the 
spiritus  setheris  nitrosi.  When  nitrite  of  sodium  was  first 
employed  medicinally  it  was  found  to  be  very  impure,  some- 
times containing  more  than  50  per  cent,  of  the  inert  nitrate ; 
even  now  impure  specimens  are  occasionally  dispensed.  It 
is  important,  therefore,  that  the  purity  of  the  drug  used 
should  be  inquired  into  if  it  does  not  give  the  relief  sought 
for.     With  regard  to  dose,  I  believe  it  is  well  to  begin  with 

2  grains.     I  have  myself  never  seen  discomforts  from  even 

3  grains.     But  severe  throbbing  of  the  head  has  been  re- 
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corded  after  this  amount ;  and,  when  given  regularly,  in  a 
very  few  instances  slight  blueness  of  the  lips  has  been 
reported.  Much  larger  doses  may  be  given  if  neither  phy- 
siological effects  nor  relief  follows  from  the  smaller  doses ; 
I  have  raised  the  dose  to  3  or  4,  rarely  to  6  grains,  without 
seeing  evil  follow,  but  occasionally  even  small  doses  cause 
slight  stomach  discomforts.  Solutions  of  sodium  nitrite 
in  the  form  of  mixtures  seem  to  keep  fairly  well. 

The  tabellie  trinitrini  and  the  liquor  trinitrini  are  ex- 
cellent preparations  of  nitro -glycerine.  It  should  be  re- 
membered, however,  that  nitro-glycerine  will  under  some 
conditions  decompose.  In  distilled  water  it  undergoes  no 
change,  but  in  the  presence  of  alkalies,  nitrite  of  the  alkalies 
is  formed,  and  when  any  salt  is  present  some  decomposition 
may  occur.  It  is  best,  therefore,  to  order  the  liquor  trini- 
trini in  distilled  water.  One  minim  forms  an  average  dose 
to  commence  with,  but  may  be  gradually  raised  without 
fear  of  injury  to  20  minims  or  more,  provided  no  dis- 
comforts follow  from  its  use.  A  small  dose  of  nitro- 
glycerine may  be  repeated  if  it  fail  in  ten  or  fifteen  minutes 
to  produce  a  perceptible  effect,  for  in  that  time  its  full 
influence  has  been  usually  exerted.  A  somewhat  longer 
time  should  be  allowed  to  elapse  after  sodium  nitrite. 
Nervous  and  hysterical  people  often  feel  throbbing  in  the 
head,  or  even  severe  headache  after  small  doses  of  either 
compound.  It  is  rarely  necessary  to  resort  to  subcutaneous 
injections,  since  nitrite  of  amyl  acts  so  quickly  when  in- 
haled, and  nitro-glycerine  when  taken  by  the  mouth.  On 
one  occasion,  however,  I  saw  a  patient,  after  severe  and 
prolonged  anginal  pain,  lapse  into  semi-consciousness. 
After  the  failure  of  amyl  nitrite  relief  seemed  at  once  to 
follow  the  injection  of  2  minims  of  liquor  trinitrini.  I  find 
that  nitro  -  glycerine  is  preferable  to  sodium  nitrite  for 
subcutaneous  injection. 

Concerning  the  value  of  spiritus  setheris  nitrosi  there  is 
much  difference  of  opinion.     As  a  household  remedy  it  is 
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mucli  believed  in  and  largely  used;  as  a  medicine  it  is 
employed  usually  rather  as  a  routine  remedy  than  because 
much  faith  is  placed  in  its  action.  When  in  proper  strength 
it  contains  an  amount  of  nitrite  of  ethyl  sufficient  to  enable 
it  to  reduce  tension,  yet  its  proneness  to  decomposition 
renders  it  an  unreliable  remedy  for  the  purpose.  The  lack 
of  appreciation  of  its  value  is,  however,  to  some  extent  due 
to  the  method  in  which  it  is  ordinarily  employed ;  it  consists 
of  rectified  spirit  containing  in  solution  about  2  to  2J  per 
cent,  of  nitrite  of  ethyl,  an  uncertain  amount  of  aldehyde, 
and  minute  proportions  of  ethyl  nitrate  and  other  com- 
pounds. 

I  shall  point  out  shortly  that  aldehyde  possesses  pro- 
perties which  are  in  some  measure  antagonistic  to  those  of 
ethyl  nitrite ;  it  contracts  vessels,  whilst  nitrites,  as  we 
have  seen,  dilate  them.  Ethyl  nitrate  acts  in  the  same 
direction  as  ethyl  nitrite,  but  it  is  to  the  latter  compound 
that  spirit  of  nitrous  ether  owes  its  influence  on  the  cir- 
culation. Now  spirit  of  nitrous  ether,  when  not  exposed 
to  the  air,  does  not  undergo  rapid  change  in  constitution, 
but  kept,  as  it  often  is,  for  dispensing  purposes,  it  rapidly 
loses  some  of  its  nitrite  element.  I  found,  for  example,  a 
half-filled  bottle,  which,  on  the  day  I  first  examined  it 
contained  the  official  amount  of  ethyl  nitrite,  lost  in  thirteen 
days  16  per  cent. 

Many  cases  have  been  mentioned  in  which  spirit  of 
nitrous  ether  has  been  found  to  contain  less  than  one-tenth 
of  normal  amount  of  nitrite.  But,  owing  to  the  method 
in  which  it  is  usually  given,  it  becomes  still  more  unreliable 
as  a  remedial  agent.  Under  any  circumstances,  a  con- 
siderable portion  of  the  nitrite  of  ethyl  which  it  contains 
(about  50  per  cent.)  is  at  once  dissipated,  but,  on  keeping 
the  mixture,  the  loss  continues  until  all  the  ethyl  nitrite  is 
dissipated  or  decomposed.  If,  for  example,  half  an  ounce 
of  spiritus  setheris  nitrosi  is  mixed  with  4  ounces  of  water, 
about  half  of  the  active  ingredient — the  nitrite  of  ethyl — 
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is  usually  at  once  dissipated.  But  it  will  be  found  that  on 
the  next  day  30  to  50  per  cent,  of  what  was  left  has  gone, 
and  on  the  third  day  the  mixture  will  probably  contain  a 
very  small  amount  of  the  ethyl  nitrite.  The  rapidity  of 
disappearance  varies  greatly  according  to  temperature  and 
other  circumstances,  but  it  is  manifest  that,  under  these 
conditions,  mixtures  containing  spirit  of  nitrous  ether  soon 
lose  any  medicinal  value  which  when  first  dispensed  they 
may  have.  To  be  effective,  spiritus  setheris  nitrosi  should 
be  taken  immediatelj^  it  is  mixed  with  water.  A  mixture 
becomes  less  effective  with  each  dose  taken. 

An  alkali,  or  the  acetate  or  citrate  of  ammonia,  prevents, 
to  a  large  extent,  this  loss  of  nitrite.  It  is  on  this  account, 
perhaps,  that  the  old-fashioned  fever  mixture,  containing 
acetate  of  ammonia  and  spirit  of  nitre,  has  justly  main- 
tained for  so  long  a  time  its  reputation  as  a  diaphoretic  and 
diuretic. 

In  combining  spirit  of  nitrous  ether,  or  the  nitrites, 
with  other  medicines  the  short  period  of  their  activity  must 
be  remembered.  It  has  been  suggested  that  the  contrac- 
tion of  the  vessels  due  to  digitalis  might  be  counteracted 
by  combining  it  with  the  nitrites.  Undoubtedly  the  con- 
traction caused  by  digitalis  may  for  short  periods  of  time 
be  annulled,  but  the  prolonged  action  of  digitalis  on  the 
vessels  cannot  be  fully  antagonised  by  substances  like  the 
nitrites. 
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Chapter  VI. 

THE    NITRO-COMPOUNDS. 

O 

^/       .  .         . 

The     group      — N       ,  in    which   nitrogen  is   probably  a 

0 
pentad,  as  it  is  in  the  nitrate  group,  is  capable  of  replacing 
a  molecule  of  hydrogen  in  both  fatty  and  aromatic  com- 
pounds, and  it  seems  of  interest  to  determine  whether  this 
group  plays  an  active  part  in  the  compounds  into  which 
it  enters  like  the  niti  ite  group  ( — 0 — N  =  0  with  which  it  is 
isomeric,  or  a  more  passive  part  like  the  nitrate  group 
0 

— O — N       .     I  have  examined  the  action  of  the  following 

0 
paraffinic  nitro-compounds  on  muscles,  on  vessels,  and  on 
the  heart :  Nitro-methane  CHgNOa,  nitro-ethane  C2H5NO2, 
nitro  -  propane  C3H7NO2,  and  nitro  -  pentane  C5H11NO2. 
The  nitro-paraffins  are  colourless  compounds  boiling  above 
212°,  slightly  soluble  in  water,  and  very  stable.  They  break 
up  in  the  presence  of  alkaline  carbonates,  nitrites  of  the 
metals  being  formed. 

Professor  Dunstan^  has  pointed  out  that  when  nitro- 
ethane  is  mixed  with  potassium  carbonate  half  its  nitrogen 
appears  as  nitrite  of  potash ;  it  is  decomposed  by  the  car- 
bonates even  in  the  cold.  The  higher  compounds  are  much 
less  easily  decomposed  by  alkalies  than  the  lower. 

Action  on  the  Muscles. 
I  find  that  nitro-methane  has  but  little  effect  in  inter- 
fering with  the  contractile  power  or  life  of  muscle.     If  one 

^  Journal  of  Chemical  Society,  1891. 
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part  be  added  to  500  of  normal  salt  solution  tlie  contractions 
do  not  seem  in  any  way  interfered  with.  Nitro-ethane  is 
equally  free  from  toxic  eif ects ;  a  muscle  put  up  in  a  normal 
salt  solution  containing  1  in  500  of  nitro-ethane  was  con- 
tracting well  at  the  end  of  290  minutes.  In  1  in  1,000  a 
muscle  was  living  and  would  contract  to  stimulation  after 
twenty-six  hours.  Nitro-propane  is  slightly  more  toxic 
than  nitro-ethane ;  1  part  of  nitro-propane  in  1,000  parts 
of  normal  salt  solution  causes  the  contractions  to  fall  some- 
what at  the  end  of  270  minutes,  but  the  muscle  will  live 
twenty-four  hours.  One  part  of  nitro-pentane  is  not  soluble 
in  1,000  parts  of  salt  solution,  but  it  is  distinctly  more 
toxic,  for  the  muscle  will  not  contract  in  a  saturated  solution 
more  than  six  hours.  (Fig.  149).  Moreover,  a  certain 
amount  of  contracture  is  sometimes  produced,  as  in  the  case 
of  many  of  the  amyl  compounds. 

Action  on  Vessels. 

In  a  strength  of  1  in  1,000  nitro-methane  always  dilates 
the  vessels  of  the  tortoise  slightly.  In  a  typical  experiment 
a  flow  of  11  c.c.  through  the  vessels  was  increased  to  15,  an 
increase  of  36  per  cent,  (see  Tig.  144). 

With  nitro-ethane  I  got  some  rather  contradictory 
results.  In  one  case,  from  causes  which  I  cannot  explain, 
contraction  occurred ;  on  other  occasions  always  dilatation. 
But  the  amount  of  this  dilatation  varied ;  sometimes  it  was 
not  greater  than  with  nitro-methane,  in  other  cases  the 
flow  increased  to  more  than  100  per  cent,  (see  Fig.  147). 

On  the  whole,  the  dilating  power  of  nitro-ethane  was 
distinctly  greater  than  that  of  nitro  -  methane.  Nitro- 
propane  always  very  markedly  dilated  the  vessels,  the 
increased  flow  exceeding  100  per  cent,  (see  Fig.  148).  Nitro- 
pentane  is  very  insoluble  in  water,  the  very  minute  quantity 
which  is  soluble  (probably  not  more  than  1  in  5,000)  dilates 
the  vessels,  but  not  so  much  as  nitro-propane. 
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On  the  heart  of  the  frog  nitro-methane  in  the  strength 
of  1  in  1,000  has  practically  no  effect.  It  may,  perhaps, 
beat  a  little  more  quickly,  but  this  is  the  only  influence 
exerted.  Nitro-ethane  quickens  the  heart's  action,  and 
renders  the  beat  less  forcible.  (Fig.  145).  Xitro- propane, 
1  in  1,000,  often  doubles  the  speed  of  the  heart  beat,  and 
weakens  it  considerably.  It  is  impossible,  as  I  have  said, 
to  dissolve  1  in  1,000  of  nitro-pentane,  for  it  is  more 
insoluble  than  the  other  nitro-compounds,  but  a  saturated 
solution  both  quickens  and  weakens  the  heart's  action. 

Effects  on  Circulation. 

The  effects  I  have  so  far  noticed  on  the  vessels,  muscles, 
and  heart  are  due  directly  to  the  nitro-compounds  them- 
selves. The  saline  solution  in  which  the  muscles  have  been 
contracted,  and  the  fluid  which  has  passed  through  the 
vessels  in  the  perfusion  experiments,  have  always  been 
tested  for  nitrites  before  and  after  each  experiment,  but  no 
trace  of  nitrites  has  been  found,  nor  has  the  blood  used  for 
the  heart  experiments  shown,  by  the  presence  of  methsemog- 
lobin,that  nitrites  have  taken  any  part  in  the  production  of 
increased  rapidity  and  decreased  power.  H^o  nitrite  is 
formed  immediately  when  nitro-compounds  are  mixed  with 
weak  alkaline  solutions  in  the  cold,  but  when  heat  is  applied 
nitrites  are  in  time  produced.  On  mixing,  for  example, 
one  part  of  each  of  the  four  nitro-compounds  with  50  of  a 
5  per  cent,  solution  of  sodium  carbonate,  I  detected  no 
nitrite  immediately,  nor  did  I  find  any  after  keeping  the 
mixtures  at  38°  for  40  minutes,  but  in  a  few  hours  the 
presence  of  a  nitrite  was  detected  in  all. 

When  nitro-ethane  is  mixed  with  blood  at  ordinary 
temperatures,  methsemoglobin  is  not  formed  until  decom- 
position sets  in,  but  if  the  mixture  be  kept  at  38°  it  appears 
after  some  hours. 

As  in  the  case  of  nitrates,  it  seems  possible  that  nitrites 
are  more  readily  produced  after  absorption  into  the  cir- 
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culation,  at  least  an  effect  on  the  tension,  somewhat  like 
that  caused  by  nitrites,  follows.  AVhen  15  minims  of 
nitro-ethane  are  given  by  the  mouth  and  the  tracing  is  con- 
tinuously watched,  no  distinct  change  is  perceived  for  about 
a  quarter  of  an  hour,  then  a  slight  lowering  of  tension 
occurs.  In  30  minutes  this  is  distinct,  hence  onwards  for 
nearly  four  hours  the  lowered  tension  continues,  but  I 
have  not  found  the  same  extent  of  fall  produced  as  after 
either  nitrites  or  nitrates ;  on  the  other  hand  the  fall  is 
much  more  prolonged,  and  may  not  reach  its  lowest  point 
until  three  or  four  hours  after  the  drug  has  been  given 
(see  Fig.  146).  Sometimes  at  the  end  of  five  hours  the 
tension  is  still  lowered,  at  other  times  it  has  risen  to  its 
normal  height  in  four  hours. 

I^itro-propane,  in  a  dose  of  15  minims,  has  much  the 
same  effect  as  nitro-ethane ;  for  a  short  time  it  seems  to 
have  but  little  influence  on  the  pulse,  but  in  three  or  four 
hours  the  tension  has  become  distinctly  lowered,  and  it  is 
five  or  six  hours  before  the  pulse  regains  its  normal  condi- 
tion. After  10  minims  of  nitro-pentane  I  noticed  the  first 
fall  of  tension  in  about  thirty  minutes,  but  it  was  seventy 
minutes  before  any  distinct  fall  took  place.  Between  three 
and  four  hours  after  the  drug  had  been  taken  the  tension 
reached  its  lowest  point,  and  the  pulse  had  not  quite 
regained  its  normal  condition  in  six  hours.  (See  Fig.  150). 
Very  slight  effect  is  produced  on  the  frequency  of  the  pulse 
by  the  fatty  nitro  compounds ;  sometimes,  but  not  always, 
during  the  lowered  tension  it  is  raised  5  to  10  beats  per 
minute.  Xo  headache  has  been  complained  of  by  those 
who  have  taken  these  drugs,  and  no  subjective  symptoms 
have  been  noticed,  but  my  experience  of  their  effects  is  not 
yet  sufficiently  wide  to  say  that  headache  and  palpitation 
may  not  in  some  be  produced. 

I  have  not  so  far  proved  that  in  the  living  body  nitro- 
compounds can  be  decomposed  and  nitrites  produced ;  the 
changes  which  take  place  both  when  nitrates  and    nitro- 
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compounds  are  mixed  with  blood  is  a  subject  I  propose  to 
investigate  further;  but  either  from  the  gradual  develop- 
ment of  nitrites,  or  from  the  action  of  the  whole  molecule 
itself,  the  fatty  nitro-compounds  possess  a  power  of  slowly- 
depressing  tension  and  keeping  it  down  for  a  lengthened 
period,  which  may  be  found  useful  in  therapeutics  provided 
no  bar  to  their  utilisation  appears.  For  the  relief  of  angina 
pectoris,  of  course,  they  can  be  of  no  service ;  to  prevent 
attacks  in  this  ailment,  and  for  the  relief  of  some  con- 
ditions connected  with  rise  in  tension,  they  may  prove  of 
value. 

The  NO2  group  does  not  give  a  toxic  influence  to  the 
fatty  compounds  into  which  it  enters.  It  differs  completely 
in  this  respect  from  the  ONO  group,  and  resembles  the 
ONO2  group.  Dr.  Brunton  has  made  experiments  to  deter- 
mine its  action  in  nitro-benzine,  in  which  compound  XO2 
replaces  an  atom  of  hydrogen.  AVhen  benzine,  CgHg,  is 
injected  into  the  frog  it  causes  some  lethargy,  and  renders 
the  spinal  cord  more  excitable,  as  shown  by  tremor  on 
movement,  eventually  paralysing  it.  Nitro  -  benzine, 
CgHsNOa,  caused  the  same  symptoms ;  the  tremor  seemed 
a  little  greater  and  the  reflexes  were  abolished  a  little 
earlier,  but  the  experiment  showed  that,  so  far  as  the 
aromatic  compound  benzine  was  concerned,  the  nitro-group 
plays  almost  as  passive  a  part  as  it  does  in  the  compounds  of 
the  fatty  series. 

NiTROSAMINE    GrOUP. 

In  the  Nitrosamine  group  (  =  N  — N  =  0)  an  atom  of 
nitrogen  replaces  one  of  the  atoms  of  oxygen  in  the  nitroxyl 
group,  and  has  two  links  left  free  for  junction  with  two 
other  groups.  It  seemed  interesting  to  determine  what 
effect  this  group  would  have  as  compared  with  the  group 
—  0— N  =  0,  when  joined  to  fatty  radicles.  The  effect  of 
the  junction  is  to  produce  a  series  of  liquids  extremely 
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unpleasant  to  smell  and  taste,  soluble  in  alcohol,  and  also 
slightly  in  water. 

I  have  experimented  with  the  dimethyl-nitrosamine, 
diethyl  -  nitrosamine  and  di  -  isobutyl  -  nitrosamine  com- 
pounds. The  action  of  the  NNO  group  in  no  way  resembles 
that  of  the  ONO  group,  and,  notwithstanding  their  nauseous 
smell  and  taste,  the  nitrosamines  are  not  poisonous  to  the 
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tissues.     Dimethyl-nitrosamine       ^N  — N  =  0,  is  not  fatal 

to  muscle  in  the  strength  of  1  in  1,000,  and  the  diethyl- 
nitrosamine  is  equally  innocuous,  but  when  the  butyl 
element  takes  the  place  of  methyl  or  ethyl  the  resulting 
compound,  di-isobutyl-nitrosamine,  will,  in  the  strength  of 
1  in  1,000,  kill  the  muscle  in  about  two  hours. 

The  diethyl-  and  dimethyl-nitrosamines  have  no  in- 
fluence on  the  vessels ;  in  the  strength  of  1  in  1,000  they  da 
not  either  contract  them  or  dilate  them  (see  Fig.  151).  They 
slightly  quicken  the  isolated  heart  and  then  weaken  it  in 
the  strength  of  1  in  1,000,  but  this  organ  bears  the  presence 
of  the  ethyl  and  methyl  compounds  quite  well. 

I  have  not  tried  the  effect  of  the  nitrosamine  compounds 
on  the  general  circulation ;  their  nauseous  character  renders 
it  manifest  they  can  never  be  of  practical  therapeutic  im- 
portance, and  whilst  I  have  had  volunteers  willing  to  take 
nitrate,  nitrite,  and  nitro-compounds,  no  one  after  once 
tasting  the  nitrosamines  desired  to  go  further.  The  chief 
point  of  interest  'in  connection  with  their  action  on  the 
various  tissues  is  their  harmlessness.  The  butyl  compound 
killed  muscle  rapidly,  but  this  is  to  be  expected  where  there 
are  two  butyl  molecules. 

The  Hyponitrite  Group. 

In  most  books  on  chemistry  the  existence  of  hyponi- 
trites  is  alluded  to,  and  hyponitrous  acid  is  represented  as 
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having  the  formula  HNO,  the  sodium  salt  being  represented 
as  NaNO. 

It  would  have  been  highly  interesting,  had  this  been  the 
case,  to  have  ascertained  the  difference  of  the  influence  of 
the  group  NO  and  ONO  in  the  respective  compounds  they 
form  with  sodium  and  the  fatty  radicles.  Zorn,  however, 
from  his  investigations  on  hyponitrous  ether,  has  come  to 
the  conclusion  that  the  hyponitrites  are,  as  I  have  said  in 
my  first  lecture,  diazo-compounds,  consisting  of  two  mole- 
cules of  the  group  NOH,  the  nitrogens,  of  which  are  united 
by  a  double  link.  It  seemed  to  me,  nevertheless,  of  interest 
to  determine,  if  possible,  the  comparative  effect  on  tissues 
even  of  this  double  group  as  compared  with  the  group  ONO. 
Unfortunately  the  sodium  hyponitrite  is  extremely  un- 
stable, solutions  readily  decomposing,  free  soda  being  left 
in  the  solution  which  becomes  very  all^aline.  It  is  very 
difficult,  therefore,  to  judge  how  far  the  effect  produced  by 
sodium  hyponitrite  is  due  to  the  hyponitrite  molecule  or 
to  free  soda.  I  find  that  1  of  sodium  hyponitrite  in  1,000 
of  normal  salt  solution  will  kill  the  gastrocnemius  of  a  frog 
in  an  hour.  When  perfused  through  the  tortoise  the  vessels 
contracted  so  strongly  as  entirely  to  stop  all  fluid  passing 
through  them.  The  beats  of  the  heart  were  rendered 
irregular  and  slow  when  1  of  sodium  hyponitrite  in  1,000  of 
blood  was  passed  through  it.  The  experiments  I  have 
made  are,  however,  of  doubtful  value,  because  of  the  free 
alkali  present.  The  neutralisation  by  hydrochloric  acid 
of  the  hyponitrite  saline  solution  altered  the  shape  of 
the  muscle  tracing,  which,  with  the  alkaline  hyponitrite 
solution,  had  the  appearance  usually  seen  after  alkaline 
solutions,  but  did  not  materially  diminish  toxicity. 

The  Oxime  Group. 

Of  late  years  a  large  and  chemically  interesting  group 
of  compounds  have  been  produced,  called  "  oximes,"  which 
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contain  the  group  XOH  united  by  a  carbon  element  either 
to  two  fatty  radicles  or  to  one  fatty  radicle  and  hydrogen. 

Aldoxime        J^  C  =  NOH      is     one     of    the     best      known 

examples  of  this  group. 

If  CH3  is  replaced  by  ethyl  C2H5,  propyl  aldoxime  is 
formed.  Isobutyl  and  other  homologous  oximes  can  in  the 
same  manner  be  produced  by  replacing  CoHg  by  higher 
members  of  the  fatty  series.  At  my  suggestion  two  years 
ago  Dr.  Pomfret,  at  that  time  one  of  the  Berkeley  Fellows 
in  Pharmacology,  investigated  in  my  laboratory  at  Owens 
College  the  effect  of  a  series  of  these  oxime  bodies  with  a 
view  of  ascertaining  how  far  they  possess  any  pharmaco- 
logical type  which  can  be  referred  to  the  presence  of  this 
group  in  their  structure.  I  propose  to  refer  briefly  to  the 
action  of  three  of  them  in  order  to  illustrate  the  influence 
of  the  XOH  group. 

Aldoxime  or  ethyl  aldoxime  is  a  colourless  fluid  miscible 
in  all  proportions  with  water;  it  is  remarkably  free  from 
all  poisonous  action  on  skeletal  muscle.  The  gastrocnemius 
of  a  frog  will  live  in  a  mixture  1  part  of  aldoxime  in  200  of 
normal  salt  solution  for  twenty-four  hours.  In  solution  of 
more  than  1  per  cent,  contracture  is  produced,  but  even  in 
1  in  50  a  muscle  will  live  more  than  two  hours.  Propyl 
aldoxime  (CallgjN'OH)  acts  on  skeletal  muscle  like  ethyl 
aldoxime,  but  contracture  is  produced  by  more  dilute 
solutions.  It  is  also  more  toxic.  In  a  solution  of  1  in 
200  a  muscle  lived  over  four  hours. 

Isobutyl  (C4H8jN'0II)  aldoxime  is  still  more  toxic  to 
muscle.  A  muscle  dies  in  1  part  of  this  compound  to  200 
of  normal  salt  solution  within  an  hour.  Contracture  comes 
on  more  quickly,  and  is  more  marked  than  with  either  the 
ethyl  or  propyl  compounds. 

On  the  blood  vessels  of  the  tortoise  the  effects  of  ethyl 
aldoxime  vary  with  the  strength  of  the  solution  :  1  in  1,000 
always  increases  its  flow  (Fig.  152) :    stronger  or  weaker 
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solutions  usually  cause  a  primary  contraction  followed  by 
slight  secondary  dilatation. 

Propyl  aldoxinie  invariably  dilates  the  vessels.  The 
dilatation  is  much  greater  than  that  brought  about  by  ethyl 
aldoxime.  (rig.  153).  Isobutyl  aldoxime  in  weak 
solutions  also  dilates  the  vessels.  In  the  perfusion 
of  organs  of  warm-blooded  animals  Pomfret  noted 
that  a  different  effect  is  produced  on  the  vessels 
according  to  the  time  which  elapses  between  adding 
aldoxime  to  the  blood  and  perfusing  it.  When 
blood  is  mixed  with  aldoxime  shortly  before  perfusion  a 
primary  contraction  of  the  vessel  is  invariably  obtained. 
If  the  blood  and  aldoxime  stand  in  an  open  vessel  for  two 
or  three  hours  dilatation  at  once  results.  This  fact  led  him 
to  make  an  examination  of  the  effects  of  aldoxime  on  blood, 
and  he  then  found  that  though  on  adding  aldoxime  to  blood 
no  change  at  first  takes  place,  after  standing  for  a  few  hours 
the  blood  darkens,  and  the  spectroscope  shows  that  this 
darkening  is  due  to  the  presence  of  methsemoglobin.  At 
the  temperature  of  the  body  methsemoglobin  is  produced  in 
15  to  20  minutes.  From  further  examination  he  found 
that  aldoxime,  when  mixed  with  blood,  breaks  up  into 
hydroxylamine  and  aldehyde.  Hydroxylamine  has  been 
shown  to  form  in  alkaline  fluids  a  nitrite  of  the  alkaline 
metal,  and  thus  the  addition  of  aldoxime  to  blood  leads 
to  the  formation  in  it  of  aldehyde  and  nitrite  of  sodium. 
Pursuing  his  research  he  investigated  the  physiological 
properties  of  the  aldehyde  group,  and  discovered  that  alde- 
hydes have  a  directly  opposite  effect  to  that  of  the  nitrites ; 
they  stimulate  muscles  and  contract  vessels.  When  the 
perfusion  of  warm  blood  containing  aldoxime  through  an 
organ  takes  place  soon  after  the  aldoxime  is  mixed  with  the 
blood,  the  presence  of  aldehyde  causes  the  vessels  to  con- 
tract. If  some  time  is  allowed  to  elapse  the  aldehyde,  being 
volatile,  escapes,  and  the  nitrites  which  have  been  formed 
dilate  the  vessels. 
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The  action  of  propyl  and  isobutyl  aldoxime  on  the 
vessels  of  warm-blooded  animals  does  not  materially  differ 
from  that  of  aldoxime.  On  the  heart  aldoxime  has  very 
little  effect;  there  is  an  increased  rate  of  beat  and  an  in- 
creased heart  tonus.  Strong  solutions  sometimes  arrest  the 
heart  in  systole,  sometimes  in  diastole,  the  varieties  being 
due  to  the  same  decomposition  which  has  been  noticed  in 
the  perfusion  of  blood.  The  longer  the  aldoxime  remains 
in  contact  with  the  blood,  the  less  is  the  tendency  to  systolic 
contraction,  the  greater  the  tendency  to  diastolic  arrest. 
The  other  oximes,  propyl  and  isobutyl,  also  produce 
acceleration  of  the  rhythm,  but  have  slightly  depressant 
action.  Strong  solutions,  1  in  200  of  propyl  aldoxime  did 
not  diminish  the  amplitude  of  beat  after  three  hours. 
Isobutyl  aldoxime  was  much  more  poisonous. 

On  the  circulation  generally  aldoxime  has  but  a  slight 
effect.  The  increased  tone  which  is  produced  by  it  in  the 
isolated  heart  of  the  frog  is  not  seen  in  warm  -  blooded 
animals  because  of  the  formation  of  hydroxylamine  and 
nitrites,  but  instead  a  slight  lowering  of  tension  is  seen 
about  twenty  to  thirty  minutes  after  the  drug  has  been 
taken. 

The  NOH  molecule  also  joins  with  or  enters  into 
aromatic  groups.  Dr.  Pomfret  has  investigated  the 
action  of  quinoxime  (C6H4ONOH),  of  salicyl  aldoxime 
(CeH^OHCHXOH),  and  benzaldoxime  (CeH^CHNOH).  He 
finds  that  the  effect  of  the  group  IS^OH  in  producing  con- 
traction of  the  muscle  is  seen  in  these  aromatic  groups,  and 
that  all  dilate  the  vessels. 

I  have  given  a  very  brief  account  of  the  results  obtained 
from  an  examination  of  the  fatty  compounds  containing 
the  NO,  N — NO,  and  NOH  groups,  because  though  what 
has  been  noted  concerning  them  is  interesting  as  giving 
an  indication  of  their  influence,  the  compounds  themselves 
are  not  likely  to  prove  of  any  therapeutic  value.  It  is  quite 
possible,  however,  that  amongst  the  aromatic  compounds 
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which  contain  the  oxime  group,  we  may  find  substances  of 
some  utility,  but  these  I  have  not  myself  examined. 

Summary. 

The  investigations  I  have  so  far  made  with  the  view  of 
determining  the  influence  of  the  groups  containing  nitrogen 
and  oxygen  are,  as  I  said  in  my  first  lecture,  only  prelimin- 
ary. To  determine  accurately  the  action  of  a  group  of 
molecules,  we  must  compare  the  effects  of  a  large  number 
of  compounds  containing  them,  both  in  the  fatty  and 
aromatic  series,  and  we  must  compare  these  effects,  too,  not 
only  on  muscles,  vessels,  and  heart,  but  on  all  the  tissues 
and  organs  of  the  body.  This  is  a  work  which  involves  very 
large  expenditure  of  time.  I  have  ventured,  however,  to 
bring  forward  the  results  so  far  obtained. 

It  has  long  been  known  that  the  influence  of  certain 
elements  in  a  compound  varies  according  to  the  number  of 
affinities  by  which  they  are  united  with  other  elements  in 
the  compound,  and  the  groups  I  have  alluded  to  seem  to 
furnish  an  example  of  this. 

For  reasons  into  which  I  need  not  enter  here,  chemists 
are  of  opinion  that  in  the  nitroxyl  or  nitrite  group  nitrogen 
is  a  triad  element,  whilst  in  the  nitrate  and  nitro  groups  it 
is  pentad.  It  may  be  to  this,  as  well  as  to  the  different 
manner  in  which  two  oxygens  combine  with  the  nitrogen 
in  the  nitrite  and  nitro  groups  respectively,  that  we  must 
attribute  the  marked  difference  in  their  effects.  It  will 
be  noted  that  there  is  some  evidence  that  the  hyponitrite 
group,  in  which  nitrogen  also  plays  the  part  of  a  triad,  ia 
distinctly  toxic,  like  the  nitrite  group.  The  instability  of 
the  two  triad  nitrogen  groups  may  enter  to  some  extent 
into  the  causation  of  their  toxicity,  but  for  reasons  which  I 
have  given  it  seems  to  me  that,  in  the  case  of  the  nitrite 
group  at  least,  the  molecules  of  the  group  itself  in  some 
way  or  other  play  a  definite  part  in  the  physiological  effect 
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which  the  compound  containing  them  produces.  The 
addition  of  another  nitrogen  to  the  group  NO  completely 
changes  the  influence  which  the  group  NO  has  by  itself, 
or  when  associated  with  another  atom  of  oxygen.  The 
addition  of  a  hydrogen  element  to  the  NO  group  seems 
equally  to  modify  its  influence.  The  nitrosamines,  so  far 
as  they  have  been  examined,  affect  the  tissues  very  slightly. 
The  oximes,  at  least  those  of  the  f afty  series,  are  singularly 
free  from  poisonous  properties,  but  the  NOH  group  shows 
a  peculiar  influence  on  muscle  contraction.  Throughout 
the  experiments  the  increasing  toxicity  of  the  fatty  series 
as  the  weight  of  the  molecule  increases  has  been  very 
marked.  The  toxic  action  of  the  pentane  and  butane  com- 
pounds has  been  always  distinct. 

A  very  remarkable  feature  has  been  the  influence  which 
compounds  containing  propyl  have  in  dilating  vessels. 
Nitrate  of  propyl  has  singular  power  in  this  respect; 
nitro-propane  dilates  more  than  any  other  of  the  nitro- 
compounds, and  Dr.  Pomfret  found  that  of  the  aldoximes, 
propyl  aldoxime  was  the  most  efficient  vessel  dilator.  Butyl 
and  amyl  compounds,  if  used  in  the  same  strength  as  the 
propyl  compounds,  contract  instead  of  dilating  vessels  ;  they 
seem  to  act  as  irritants  to  muscular  tissue  unless  in  very 
dilute  form,  and  the  contracture  which  I  have  noticed  as 
often  occurring  with  amyl  compounds  shows  that  an 
analogous  effect  is  produced  on  voluntary  as  well  as  on 
involuntary  fibre. 

In  conclusion,  let  me  say  it  has  not  been  in  any  way  my 
purpose  to  search  for  new  remedial  agents,  but  it  seems 
possible  a  use  may  be  found  for  some  of  the  compounds  I 
have  examined.  I  allude  to  the  nitrates  and  the  nitro- 
compounds. They  resemble  in  their  powers  the  nitrites 
which  we  have  so  long  been  accustomed  to  use ;  probably, 
indeed,  their  influence  is  due  to  the  development  of  nitrites 
from  them.  Yet  if  they  possess  the  pharmacological  pro- 
perties w^hich,  from  the  examination  I  have  so  far  made, 
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they  seem  to  have,  they  may  possibly  be  advantageously 
employed  when  we  want  to  influence  the  vessels  more  or 
less  markedly  lor  a  long  time. 

It  has  been  said  with  truth  that  what  is  now  wanted  is 
not  a  further  supplj''  of  new  remedies,  but  a  better  know- 
ledge of  the  way  in  which  to  use  the  old  ones.  It  seems  to 
me,  however,  that  if  therapeutic  knowledge  is  to  advance, 
we  must  acquire  more  information  than  we  now  possess 
as  to  the  exact  method  in  which  these  older  remedies  act, 
we  must  know  how  they  break  up  in  the  body,  and  we  must 
know,  too,  the  new  and  often  simpler  combinations  they 
are  capable  of  forming  and  how  these  act.  The  exact 
method  in  which  the  complex  compounds  of  the  organic 
kingdom  influence  the  body  we  have  not  yet  sufiicient  know- 
ledge to  comprehend;  it  is  with  the  simpler  compounds 
we  must  commence  investigations,  but  a  wider  and  deeper 
knowledge  of  the  effect  of  these  simpler  compounds  will 
surely  open  the  way  for  the  acquirement  of  further  informa- 
tion with  regard  to  the  more  complex  ones.  At  present, 
even  concerning  the  simple  ones  our  knowledge  is  very 
small.  It  was  with  the  hope  of  making  some  slight  addition 
to  this  knowledge  that  the  work  on  which  these  lectures 
are  based  was  commenced. 
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PLATE  I. 


Fig. 


1. — Tracing  of  pulse  from  V.  C.  before,  and  ^  and  1^  minutes  after, 
the  administration  of  100  minims  of  spirit  of  nitrous  ether. 


Fig.  2. — Tracing  taken  3  minutes  after 
administration  of  the  dose  of  mlOO 
of  spirit  of  nitrous  ether. 


Fig.  3.— Tracing   taken 
minutes  after  the  dose. 


8 


Fig.  4. — Tracing  30  minutes  after  the 
dose. 


Fig.  5.— 60  minutes  after  the 
dose. 


Fig,  6. —8u minutes  aftei*  the  dose.        FiG.  7. — 3|  hours  after  the  dose. 


PLATE  II. 


Fig.  8. — Tracing  of  pulse  before  the  ad- 
ministration of  50  minims  of  spirit 
of  nitrous  ether.    From  V.C. 


Fig   9.— 10  minutes  after  the 
dose. 


Fig. 


30  minutes  after  the  dose.        FiG.  11.  — One  hour  after  the  dose. 


Fig.  12. — Before  adminis- 
tration of  25  minims. 
From  V.  C. 


Fig.  13.— 8  minutes 
after  the  dose. 


Fig.  14.— 50  minutes 
after  the  dose. 


Fig.  15.— Before  mlOOof  spt.  seth. 
nitr.     From  Mr.  E. 


minutes  after 


Fig.  17.— 35  minutes  after. 


Fig.  18.— 60  minutes  after. 


PLATE  III. 


Amyl  Nitrite, 


-J  ■  ^  ^  j 


Fig.  19.— Normal. 


Fig.  20. — 15  seconds. 


Fig.  21.— 75  seconds. 


Fig.  22.— 11  minutes. 


Fig.  23.-23  minutes. 


Fig.  24.— 60  minutes. 


Fig.  25.-74  minutes. 


PLATE  IV. 


Ethyl    Nitrite^    HI   xxv. 


Fig.  2(>.— Normal. 


Fig  27.-4  minutes. 


F'lG.  28 12  minutes. 


Fig.  29.— 32  minutes. 


Fig.  30.— 50  minutes. 


Fig.  31 1  hour  30  minutes.  FiG.  32.— 1  hour  50  minutes. 


PLATE  V. 


Ethyl   Nitrite,     HI    xxv. 


Fig.  33.— Normal. 


Fig.  34.— 15  minutes. 


Fig.  35.— 50  minutes. 


Fig.  36.— 1  hour  50  minutes. 


PLATE  VI. 


NitrO'Glycerine^   Tr[    i. 


Fig.  37.— Normal. 


Fig.  38.— 1  minute. 


Fig.  39.-7  minutes. 


Fig.  40. — 11  minutes. 


Fig.  41.— 35  minutes. 


Fig  42. — 75  minutes. 


PLATE  VII. 


Nitro-Glycerine,    v\  iiss. 


Fig.  43.— Normal. 


Fig.  44.-2^  minutes. 


i?lG.  45.-4  minutes. 


Fig.  46.-22  minutes. 


Fig.  47.-45  mmutes. 


Fic.  48. — 75  minutes. 


Fig.  49.-95  minutes. 


PLATE  VIII. 


Nitro-Glycerine^  ]]\  iiiss. 


P'iG.  50.  -  Normal. 


Fig.  51. — 2  miniiLes  15  seconds. 


Fig.  5-2.  —10  niinntes. 


Fig.  53.— 30  minutes. 


Fig.  54.— 70  minutes. 


Fig.  55.— 100  minutes. 


Fig.  56.— 130  minutes. 


PLATE  IX. 


iMtro-  Glycerine^   i  J  [ 


Fig.  57.— Normal. 


Fig.  58. — 30  .seconds. 


Fig.  59.-2  minutes. 


Fig.  60. — 4  minutes  30  seconds. 


Fig.  61.— 10  minutes. 


Fig.  62.-28  minutes. 


Fig.  63.— 70  minutes. 


Fig.  64.  — 95  minutes. 


Fig.  65. — 3  hours  25  minutes. 


PLATE  X. 


Nitro-Glycerine,   ^^\  v. 


Fig.  66.— Normal. 


Fig.  67. — «  minutes. 


Fig.  68.  —14  minutes. 


Fig.  69.— 30  minutes. 


Fig,  70.— I  hour. 


Fig.  71. — 1  hour  40  minutes. 


Fig.  72. — 2  hours  40  minutes.  F'lG.  73. — 3  hours  30  minutes 


PLATE  XI. 


Sodium  Nitrite,  gis.  5. 


Fig.  74— Normal. 


Fig.  75. — 10  minutes. 


Fig.  76. — 20  minutes. 


Fig.  77" — 30  minutes. 


Fig.  78.-1  hour. 


Fig.  79.-2  hours. 


Fig.  8<».  -3  hours  3iJ  minutes. 


Fig.  81. — 5  hours. 


PLATE  XII. 


Potassium  Nitrite,  grains  iv. 


Fig.  82.— Mormal. 


Fig.  83.— 4  minutes  30  seconds. 


Fig.  84.— 10  minutes. 


Fig.  85.— 20  minutes. 


Fig.  86.— 40  minutes. 


Fig.  87. — 90  minutes. 


Fig.  88.— 135  minutes. 


Fig.  89.-285  minutes. 


PLATE  XIII. 


Sodium    Nitrite,   A  grain. 


Fig.  90— Normal. 


Fig.  91.— 10  minutes. 


Fig.  92.— 40  minutes. 


Fig.  93.— I  hour. 


Fig.  94.-2  hours.       FiG.  95.— '2  hours  50  minutes.        Fig.  96.  — 4  hours 


PLATE  XIV. 


Cobalt    Yellow,  grains  iv. 


Fig  97. — Normal. 


Fig.  98.— 10  minutes. 


Fig.  99.— 40  minutes. 


Fig.  100. — 1  hour  40  minutes 


Fig.  101.— 2  hours  40  minutes. 


Fig.  102.— 3  hours  40  minutes. 


Fig.  103. — 5  hours  10  minutes. 


PLATE  XV. 


Cobalt   Yelloiv,    grains  vii. 


Fig.  104.— Normal. 


Fig.  105.— 40  minutes. 


Fig.  10b.— I  jiour 


Fig.  107.— 2  hours. 


Fig.  108.-8  hours. 


Fig.  109.— 4  liours. 


Fig.  110.— 6  hours. 


PLATK  XVI. 


Fig.  111. — a.  Normal  muscle  curve  immediately  after  preparation  ;  3  after 
standing  one  hour  in  normal  salt  solution;  7  four  hours  after; 
5  twenty-four  hours  after. 


Fig.  112. — Muscle  contractions  recorded  on  stationary  drum  ;  a  to  3  at 
5  minutes  intervals  for  6  hours  ;  y  after  twenty-four  hours. 


Fig.  1 13. — Muscle  curve  from  gastrocnemius  of  frog  showing  the  effect  of  1 
in  1,000  NaN02  in  normal  salt  solution ;  a,  normal  curve ;  3,  14 
minutes  after  addition  of  nitrite  ;  7,  24  minutes  after. 


Fig.  114. — Tracing  showing  amplitude  of  contraction  of  muscle  in  1  in 
1,000  NaNOg  solution  ;  (1)  normal  contractions  ;  (2)  sodium  nitrite 
introduced  ;  (3)  contractions  15  minutes  afterwards. 


Fig.  115. — Tracing  showing  amplitude  of  muscle  contraction  in  075  per 
cent.  NaNOj  solution;  (1)  normal  contraction  ;  (2)  0*75  of  sodium 
chloride  solution  replaced  by  075  of  sodium  nitrite ;  (3)  15  minutes 
afterwards. 


PLATE  XVII. 


Fig.  116. — Tracing  showing  that  nerve  stimulation  is  as  effective  as  direct 
stimulation  of  muscle  when  immersed  in  1  in  1,000  NaNOg  solution. 
(1)  normal  muscle  contraction  ;  (2)  and  (3)  normal  nerve  contrac- 
tions; (4)  muscle;  (5)  nerve  ;  (6)  muscle;  (7)  nerve;  (8)  muscle; 
(9)  nerve,  after  nitrite. 


Fig.  1 17. —  Barium  chloride,  1  in  1 ,000 ;  ( I )  curve  with  normal  salt  solution ; 
(2)  15  minutes  after  barium  chloride  was  added;  (3)  20  minutes 
after  ;  (4)  SO  minutes  after  ;  (5)  45  minutes  after  ;  (6)  1  hour  after-; 
(7)  2  hours  after. 


Fig.  J 18. — Barium  nitrite,  1  in  1,000;  (1)  normal;  (2)  6  minutes  after 
barium  chloride  ;  (3)  12  minutes  after  ;  (4)  24  minutes ;  (5)  27 
minutes  ;  (6)  30  minutes  ;  (7)  33  minutes. 


Fig.  119. — Barium  nitrite,  1  in  5,0u0 ;   (1)  normal;  (2)  10  minutes  after 
barium  chloride ;  (3)  15  minutes  after ;  (4)  25  minutes ;  (5)33  minutes. 


Fig.  120.— Calcium  chloride,  1  in  1,000;    (1)  normal  curve;    (2)  1  hour 

after  ;  (3)  5  hours  after 


PLATE  XVIII. 


Fig,  121. — Calcium  nitrite,  1  in  1,000  ;  (1)  normal  tracing  ;  (2)  1  hour  after 
calcium  nitrite  ;  (3)  2  hours  ;  (4)  3  hours. 


Fig.  122. -Calcium  nitrite,  1  in  5,000;  (3)  normal;  (2)  one  hour  after  cal- 
cium chloride  ;  (1)  2  hours  after ;  (4)  3  hours  after  ;  (5)  4  hours  after 
(6)  5  hours. 


Contractions  in  normal  saline. 

Sodium  nitrite  I  in  10,000  in  2^ 
minutes. 

In  20  minutes     ... 


45  minutes  after  restoration  by 
normal  saline. 

1  minute   after   1  in    1,000  of 
sodium  nitrite. 

4  minutes  after 

5  minutes  after  ... 

10  minutes  after 


Fig.  123. — Effect  of  sodium  nitrite  on  the  separated  frog's  ventricle. 


PLATE  XIX. 


Fig.  124.— Effect  of  barium  nitrite  on  frog's  liearo,  1  in  i^,()00  and  1  in  1,000 . 
(I)  Normal  saline  ;  (2)  barium  nitrite,  1  in  2,000;  (3)  16  min.  after  ; 
(4)  25  min.  after  ;  (5)  barium  nitrite  replaced  by  normal  saline  45  min. ; 
(6)  barium  nitrite,  1  in  1,000  ;  (7)  3  minutes  after. 


Fig.  125. — Influence  of  1  in  4,0U0  of  amy  I  nitrite  in  blood  on  the  heart. 
(I)  Beats  with  normal  blood  ;  ('2)  blood  containing  1  in  4,000  of  amyl 
nitrite  used  for  48  seconds  ;  (3)  normal  blood  used  3  min.  Kronecker's 
apparatus. 


PLATE  XX. 


Fig.  126. 
Sphygmogram,   S.L. 
Sodium  nitrite,  gr.  ii. 
A.— Oct.  5th,  1892.  B.— Jan.  18th,  1893 


Fig.  127. 
Sphygmogram,  R.T. 
Sodium  nitrite,  gr.  ii. 


PLATE  XXI. 


Fig.  128. 

Sphygniogram. 
Liq.  ethyl  nitritis, 
cir.  i 


Fig.  129. 

Sphygniogram. 

Inlialation 
propyl  nitrite. 


Fig.  130. 

Sphygniogram. 
Liq.  trinitrinoe. 
min.  i. 


PLATE  XXII. 


Fig.  131. 

Sphygmogram. 
Effect  of  amyl  nitrite 
when  inhaled. 


Fig.  132. 

Sphygmogram. 

Effect  of  amyl  nitrite 

when  taken  internally. 


' 

NO|VnAL 

A            n           r           n 

t 

L                           ^ 

Nx\x 

• 

A  A  A  A  Am 

hku  Ullli 

A  rt  A  ft    /I  1  n  ;  ■ 

AiyiAiJu 

■«■ 

/I  rt  /I  /]      /I     fl 

/UJiJ-vf 

jniN. 

r 

f^  ^-.  t  L 

J  ^  X  XIX 

Fig.  133. 

Sphygmogram. 
Effect  of  amyl  nitrate 
when  taken  internally. 


PLATE  XXIII 


Fig.  134.— The  figures 
at  the  base  represent 
the  number  of  min- 
utes during  which 
perfusion  took  place, 
those  in  the  perpen- 
dicular line  the  num- 
ber of  c  c.  's  of  blood 
passing  through  the 
lung.  The  lightly- 
shaded  squares  rei)re- 
sent  the  flow  whilst 
pure  blood  was 
passing  throng  li  the 
vessels,  the  dark 
squares  whilst  nitrite 
blood  was  flowing. 
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PLATE  XXIV. 


MUSCLE 

NORMAL 


24-,HQURS 


I.MOUR  I  \mm\ 


Fig.  137.— Muscle  tracing  on  stationary  drum.      Ethyl  nitrate  1-1000. 


Fig.  188. — Heart  tracing,  Kronecker's  apparatus.     Ethyl  nitrate,  1-1000. 


Fig.  139. 

Sphygmogram  S.L. 
Ethyl  nitrate,  m.  v. 
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Fig.  140. 

Sphygmogram  S.L. 
Propyl  nitrate,  m.  v. 


Fig.  141. 

Sphygmogram  S.L. 
Isobutyl  nitrate,  m.  x. 
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Fig.  142.— As  in  fig.  134,  the  figures  at  the  base  represent  the  number  of 
minutes  during  which  perfusion  took  place  ;  those  in  the  perpendicu- 
lar line  the  number  of  c.c.  passing  through.  The  light  squares  show 
the  flow  when  normal  salt  solution  passed  through  the  vessels  ;  the 
dark  squares  when  I  in  5,000  of  propyl  nitrate  was  used. 
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Fig.  144. — Nitro-methane  followed  by  sodium  nitrite. 
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Fig.  145. — Tracing  taken  from  excised  frog's  heart  with  Kronecker's 
apparatus.     Nitro-ethane  1-1000. 


Fig.  146— Sphygmogram,  S.L. 
Nitro-ethane,  m.  xv. 


Fig.  150.— Sphygmogram,  S.L. 
Nitro-pentane,  m.  x. 
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Fig.  148. 


Fig.  149.  —Muscle  tracing  on  stationary  drum.     A.  Nitro-pentane 
saturated  solution  in  normal  saline  applied. 
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Fig.   152.— Ethyl  aldoxine,  1-1000. 
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Fig.  153.— Propyl  aldoxine,  1-1000. 
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